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1.0 OBJECTIVES

The primary objective of this test series was to evaluate fire
doors containing hose ports to determine if the ports degrade the
structural fire integrity of the doors. A second objective was
to evaluate the performance ¢f fire doors built to Coast Guard
construction requirements when submitted to a standard fire door
test.

2.0 BACKGROUND

Fire hoses left in doorways can easily contribute to the fire
damage of a ship by permitting the passage of flame and smoke
through the open doorway. An example of this is the fire damage
resulting to the passenger ship M/V SCANDINAVIAN SEA when a fire
occurred on board and doors were blocked open by fire hoses. As
a result of this damage, the National Transportation Safety
Board (NTSB) recommended that passenger ships be required to have
hose ports in all fire doors. U.S. passenger vessel regulations
currently permit hose ports in doors except water-tight doors and
doors in main vertical 2zone bulkheads. Before requiring hose
ports in fire doors, it must be determined if they reduce fire
safety by degrading the integrity of a door to prevent the
passage of flame and smoke.

A hose port is a small opening in a door through which a fire
hose can be pulled and/or left in place while fire fighting
efforts are taking place. Normally, the opening is closed by a
metal cover. The hose port even when open or containing a hose
is a greater deterrent to the passage of smoke and flame than a
door which is blocked open by a fire hose (Figure 1). This is
due to the smaller open area available for the passage of
flames, heat, and smoke. In addition, the hose port is
installed in the bottom of a door where heat and smoke are less
severe in most fires. A door which is blocked open by a fire
hose creates a large opening at the top of the door where heat
and smoke would accumulate first thus creating an easy passage
for these elements.

Coast Guard regulations require that when hose ports are
installed they shall be cut in the lowest corner of the door on
the side opposite the hinge so that if the hose is passed through
the doorway when the door is open, the door may be closed over
the hose (Reference 1). The cutout for the hose port should be
approximately six inches (15.24 cm) square. A hinged or pivoted
steel or equivalent metal cover shall be fitted in the cut and
equipped with a bullet catch or similar method of fastening which
will permit easy and automatic operation of the hinged cover. A
hose port may be constructed with a single acting hinge which
permits it to move in only one direction or it may have a double
acting hinge which permits it to move in two directions (Figure
2).
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3.0 APPROACH

The approach was to procure several fire doors with hose ports
: and evaluate them in a reproducible fire test to determine if
£ they exhibit the same degree of fire protection as a fire door
without a hose port. Coast Guard regulations require that fire
doors on merchant vessels provide the same fire integrity as the
bulkhead division in which they are installed (Reference 2).
Therefore, a fire door with a hose port should exhibit the same
degree of fire protection as a fire door without a hose port.

ASTM E152 "Standard Method of Fire Tests of Door Assemblies" was
selected as the test procedure for evaluating the fire doors with
hose ports. This test follows the same standard time temperature
curve used in the Coast Guard approval test(ASTM E119 "Fire Tests
of Building Construction and Materials") used for bulkheads
(reference 3). The ASTM E152 test however is intended for
evaluating the structural fire resistance of fire door
assemblies. Additional instrumentation and measurements were
included to evaluate the passage of smoke and flame. For these
tests, the fire doors were installed in a steel bulkhead to
insure a realistic situation as found on board ships.

Unlike bulkheads and decks, Coast Guard regulations do not
require fire doors to meet any fire test requirements (Reference
4). It is felt that due to the limited amount of combustibles
stowed adjacent to the door, an equivalent amount of integrity
could be provided by specifying construction requirements for
doors. For example, fire doors installed in Class A-0 bulkheads
must be of steel or equivalent metal construction. Generally, a
double thickness of 16 USSG or a single thickness of 11 USSG is
acceptable. Test requirements are also not demanded for hardware
such as hinges, frames, or latches but manufactures generally use
steel components to match the integrity of the door.

3.1 Standard Fire Door Tests

A single fire test assessing the ability of a fire door to
provide the same fire integrity as a bulkhead is lacking. The
major acceptance requirements for various fire test standards are
different in their demands. For example the Coast Guard fire
test for bulkhead panels(CFR 164.008) does not address any fire
standards for doors or door hardware although it does include
limitations on openings formed through the bulkhead and
restrictions for smoke and flame passage. The ASTM E152 test can
be used to assess the ability of a fire door(and hose port) to
provide certain structural requirements but it has no




acceptance standards for smoke and flame penetration. The
Underwriters Laboratories test (UL 10B) has structural stability
acceptance requirements but it will also permit flaming on the
unexposed side after the first 30 minutes of the test (Reference
; 5). The International Maritime Organization (IMO) does not allow
? flame penetration or flaming on the unexposed side. It also has
acceptance standards for temperature rise on the unexposed side
of the doors(Reference 6). The IMO test does not have movement
regulations whereas they are specified in ASTM E152 and UL 10B.

. 3.2 Material Specifications for Fire Doors

The standard material specifications for door assemblies as
required by the above groups also vary. The Coast Guard requires
a door to be of hollow steel or equivalent metal construction.
; If installed in a Class A-60,A-30, or A-15 bulkhead then the door

must be filled with approved structural insulation capable of

meeting the requirements for a Class A-15 bulkhead. It must also

have a minimum latch size of 3/4 inch( 1.9 cm) and also have a
\ 1/2 inch (1.3 cm) door stop at the sides and top. IMO requires
the door and frame to be constructed of steel or other equivalent
material and insulated to achieve the desired standard of
insulation. Hinges, latches, bolts and handles must be
constructed of materials having melting points of not less than
’ 950 degrees C (1744 degrees F). ASTM F821 (Reference 7) states a
Class A-0 door should be 1 3/4 inches (4.4 cm) thick. It should
also be of hollow steel construction with a minimum of 16 USSG
plates and have a 3/4 inch(1.9 cm) latch. A Class A-0 door must
have three equally spaced hinges. U.L. does not have a materials
specification for doors.

4.0 FIRE DOOR SPECIFICATIONS

All fire door assemblies were provided by one manufacturer to
eliminate the variable of different designs or different
materials used in construction. Each door assembly consisted of
a hollow-metal door, pressed steel frame, three mortise hinges
and a mortise latch. The door and frame were insulated for a
Class A-15 rating. Three of the doors were fitted with a hose
port at the bottom latch edge corner of the door. One door did
not contain a hose port. Each door assembly was installed in a
steel bulkhead.

4.1 Fire Door Assemblies

The door assemblies and hose ports were constructed to meet Coast
Guard requirements in 46 CFR Subpart H 72.05.25. The dimensions
of the door assemblies are shown in figure 3. The doors were
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constructed of 16 USSG steel using a hollow hat channel design.
The frames were constructed of 14 USSG steel. Each door was
connected to its door frame by three steel hinges (4 1/2 by 4 1/2
inches) (11.4 by 11.4 cm) and contained a 3/4-inch (1.9 cm) steel
latch. The door could be opened from either side. Each door was
1 3/4 inches (4.4 cm) thick, 70 inches (177.8 cm) high, and 36
inches (91.4 cm) wide. Each door frame had at least a 1/2-inch
(1.3 cm) door stop at the top and on each side. The top and
sides of the frame had a 1 1/8-inch (2.9 cm) steel edge. The
frame contained a plain sill with a 1 1/8-inch (2.9 cm) under-
edge and a 1/8-inch (0.3 cm) tolerance to the door. The doors
were constructed to fit as snugly as possible to the frame at the
jambs and sill. The doors did not contain a lock, stay-open
hooks, magnetic catches, gaskets, glass, or louvers. All doors
and hose ports were painted with primer and grey paint.

The steel hose ports were 6 inches (15.24 cm) square and equipped
with a bullet catch. Two hose ports were fitted with a single
acting hinge. One hose port was equipped with a double-acting
hinge which allowed it to move both toward and away from the
furnace. A single-acting hinge hose port and a double-acting
hinge hose port are shown in figure 4.

4.2 Installation

U.L. installed the door assemblies in the steel bulkheads by
welding the frame flange all the way around to the bulkhead. The
bulkhead had stiffeners on the unexposed side to prevent warpage.
The interface between the bulkhead assemblies and the test panel

was sealed. Three inches (7.6 cm) of approved mineral wool
structural insulation was applied to the fire side of the steel
bulkhead. Steel pins were welded to the bulkhead and the

insulation was impaled on the pins. This was followed by a wire
mesh held to the pins by circular steel clips. The interface
between the bulkhead assemblies and the test panel was sealed.

5.0 PROCEDURES

Underwriters Laboratories Inc. in Chicago, Illinois conducted the
testing in a 14 x 14 x 2 1/2 foot (4.3 x 4.3 x 0.8 m) furnace
(Figure 5). The fire tests were conducted in accordance with
ASTM E152. Observations were made of the condition of the
unexposed faces of the doors, the performance of the doors and
hose ports, and the passage of flame and smoke through the
assemblies.
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FIGURE 5. U.L. TEST FURNACE
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The UL furnace held two door assemblies per test (Figure 6). Two
furnace tests were conducted. The four fire door assemblies were
insulated for a Class A-15 rating. Three of the fire doors
contained a hose port. One door was tested without a hose port
as a baseline for comparison. Three o: the fire doors (two with
a hose port and one without a hose p>rt) were positioned so that
they would swing into the test furnace. The remaining fire door
(with a hose port) was positioned to swing away from the test
furnace. Figure 7 shows the test positioning of the doors. The
fire door assemblies were positioned at a height in the furnace
so that a a neutral test pressure would be maintained at the top
of the hose ports.

5.1 Movement Measurements

Movement of each door assembly was determined by measuring the
initial position of the door to the frame and taking a new
measurement at the same area at different time intervals
throughout the test. The difference of the two measurements
indicated the total movement. The measurement 1locations are
shown in figure 8.

5.2 Hose Stream Test

A hose stream test was coinducted at the conclusion of the 60
minute fire test. The frame was withdrawn from the furnace and
the assemblies were subjected to a 30 psi(207 kPa) hose stream
for 18 seconds.

5.3 Flame Penetratior Test

Flame penetration was indicated by testing for ignition of cotton
wool pads placed over the gaps around the door and the hose port
on the unexposed fac: of each door assembly. This was done in
accordance with reference 2 at various times throughout the 60
minute test.

6.0 INSTRUMENTATION
The instrumentation required in ASTM E152 was used for all tests.
Additional ins“rumentation was also used to assess the overall
fire protectio. integrity of the door assemblies and to
characterize th: furnace conditions.

6.1 Furnace Temperature Profile

Temperatures within the furnace were controlled in accordance
with the Standard Time Temperature Curve. Nine additional
temperatures were measured in the furnace. The thermocouple
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locations are shown in figure 9. These thermocouples were
located on a vertical plane at the front, middle and back of the
furnace on its center line. Three thermocouples were located on
each plane at the bottom, middle, and top level of the doors.
. Quick-response type shielded furnace thermocouples were used to
N record furnace temperatures.

6.2 Door Temperatures

Temperatures were measured on both the exposed and unexposed face
of the doors. Thermocouples used in the testing were of the type
specified in the U.S.C. G. Specification for Bulkhead Panels 46
CFR 164.008. Four temperatures were recorded between the door
and door frame and four temperatures were recorded between the
hose port and the door. The positions of the thermocouples used
for these measurements are shown in figqure 8.

6.3 Heat Flux

Heat flux measurements were made for each test inside the furnace
at the 1locations shown in figure 10. Two calorimeters were
installed between the steel bulkheads, one at a level of 7 1.2
inches (19.1 cm) above the bottom of the doors, and one at a
level of 7 1/2 inches (19.1 cm) below the top of tre doors. A
radiometer was installed midway between the two calorimeters.

6.4 Pressure

The fi: » door assemblies were placed in the furnace such that the
top edge of the hose port was located at a height where a neutral
pressure was produced. Measurements of the static pressure were
made with two pressure taps shown in figure 10. The taps were
located between the steel bulkheads, one at the height of the top
of the door and one at the height of top of the hose port.

6.5 Documentation

The thermocouples, heat flux and pressure data were recorded by
computer data acquisition equipment. Each test was recorded with
a video camera/recorder. A 35mm camera was used to take pictures
of the test at five minute intervals.
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7.0 RESULTS AND DISCUSSION

7.1 Test Conditions

The pressure conditions measured inside the furnace for both
tests are shown in figure 11. This figure shows that for test 1
and test 2 the pressures recorded at the top of the door and at
the top of the hose port followed a parallel pattern with the
upper level pressures being almost ten times greater than the
lower level pressures. The pressures at the upper level in test
1 and test 2 varied from each other for the first 30 minutes but
then leveled off to similar values. This is also true for the
pressures at the lower level. The pressures recorded at the top
of the hose post were close to neutral in each test.

Temperature histories were measured for nine locations inside the
section of the furnace containing the door assemblies. These
temperature histories as shown in figure 12 indicate that the
fire door assemblies were exposed to similar temperatures at the
top of the door, the middle of the door, and the top of the hose
port. This same condition existed in test 1 and test 2.

Figure 13 shows that the heat flux measurements in the furnace at
the top of the door and at the top of the hose port (bottom of
door) were greater in test 2 than in test 1. This figure also
shows that the heat flux measurements were similar at the
different locations for test 2 while the heat flux measurements
at the different locations for test 1 had a great degree of
difference.

Temperatures were measured at three points on the exposed and the
unexposed side of the doors. These points were opposite each
other and were at the top, middle, and bottom of the doors.
Figures 14 and 15 show similar temperature histories for all the
points on the exposed side of the doors. These figures also show
similar temperature histories for the points on the unexposed
side of the doors but they are 600 to 800 degrees F (316 to 427
degrees C) lower than the temperatures on the exposed side of the
doors.

Temperatures were measured on the unexposed side of one door
assembly bulkhead and found to be within the acceptable limits
for a Class A-60 fire rating (Figure 16). This figure shows the

effectiveness of the insulation in rmaintaining similar
temperatures at the top, middle and bottom of the kulkhead.

7.2 Door Assemblies

Visual observations made of both tests are listed in Appendix B
(pages 7-10). It was noted that no openings developed in the
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doors or the hose ports. Smoke began coming out of the area
between the top of the doors and frames at approximately three to
five minutes for all doors. Each door had smoke coming from the
latch area by 12 minutes. The cotton-wool pads used in the flame
tests became discolored or charred in all four tests. Only one
cotton-wool pad ignited and that occurred in test one for the
north door at test time 55 minutes. Flames were noted flick-
ering through the latch area of both doors in test 1 at 40 min-
utes. The time of this flickering did not exceed five minutes.
Figure 17 shows the condition of the fire door assemblies after
the fire test and hose stream test.

Door movement measurements in table 1 show that none of the doors
moved from their original position in the door frame beyond the
acceptable limits of 1 3/4 inches (4.4 cm). Three of the doors
did however fail the ASTM E152 acceptance standard by moving more
than 1/2 inch (1.3 cm) at the latch location. The three doors
which failed were inswinging doors. The door which did not fail
at the latch area was an outswinging door. After the hose stream
tests, movements were recorded for the doors and hose ports but
the fire test results remained the same. None of the hose ports
failed the movement standards. Figure 18 shows the expansion
pattern associated with the outswinging and inswinging doors in
the fire tests.

Temperatures histories between the doors and door frames are
shown in figures 19 and 20 for the door assemblies. These
figures show that the highest temperatures occurred at the latch
and hinge area where the greatest movement of the doors took
place. This movement is shown in table 1. It is interesting to
note that the three doors which failed at the 1latch had
temperatures at this point which ranged from 800 degrees F (425

degrees C) to 1200 degrees F (697 degrees C). The door which
passed had temperatures at the latch which never reached 400
degrees F (205 degrees C). The door which recorded the lowest

temperatures at the latch area was positioned to swing away from
the furnace whereas the three doors which failed were positioned
to swing into the furnace.

At no time did the temperatures measured between the hose ports
and the doors exceed the temperatures measured between the doors
and door frames of their respective doors. This 1is shown in
figures 21, 22, and 23. In fact, all three hose ports had
surrounding temperatures which were equal to or 1less than the
temperatures surrounding the only door (the south door in test 2)

to pass all the requirements for the ASTM E152 test. The
temperatures surrounding the doors which failed were higher than
those surrounding the door which passed. Figure 24 shows the

condition of the hose ports after the testing.
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EXPOSED SIDE

FIGURE 17. FIRE DOOR ASSEMBLIES AFTER TESTING
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FIGURE 23. AIR TEMPERATURES, FIRE DOOR VS HOSE PORT ’
TEST 2, SOUTH DOOR
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FIGURE 24. HOSE PORTS AFTER TESTING
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8.0 CONCLUSIONS

a. The hose ports did not noticeably degrade the structural
fire integrity of the fire doors.

b. The fire doors built to Coast Guard construction
requirements failed the ASTM E152 fire test when positioned to
swing into the furnace as the test procedure requires.

c. The fire door built to Coast Guard construction
requirements passed the ASTM E152 fire test when positioned to
swing away from the furnace.

d. In the ASTM E152 fire test, a door positioned to swing
into the furnace is a more severe test setup than a door
positioned to swing away from the furnace.

9.0 RECOMMENDATIONS

a. Hose ©ports should be wused for all fire doors in
passageways other than in watertight divisions.

b. Standard fire door tests should be conducted with doors
swinging into the furnace to create a worse case test condition.
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q Designation: E 152-81a""

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadeiphia, Pa. 19103
Reprinted trom the Annuat Book of ASTM Standards, Copyright ASTM
If not histed in the current combined index, will appear in the next edition.

Standard Methods of

FIRE TESTS OF DOOR ASSEMBLIES'

This standard is 1ssued under the fixed designation E 152 the number immediately following the designation indicates the vear of
onginal adoption or. in the case of revision, the vear of last revision. A number in parentheses indicates the vear of last reapprosal.
A superscript epsilon {¢) indicates an editonal change since the fast revision or reapprovai.

These methods have been approved for use by agencies of the Department of Defense and for listing in the DoD [ndex of Spectfications

and Standards.

! Nore—Paragraphg 10.2 and X1.13.1 were changed editonally and all references were renumbered 1n July 1984

1. Scope

1.1 These methods of fire test are applicable
to door assemblies of various matenals and
tvpes of construction, for use in wall openings
to retard the passage of fire (see commentary
in Appendix).

1.2 Tests made in conformity with these test
methods will register performance during the
test exposure: but such tests shall not be con-
strued as determining suitability for use after
exposure to fire.

1.3 It is the intent that tests made in con-
formity with these test methods will develop
data to enable regulatory bodies to determine
the suitability of door assemblies for use in
locations where fire resistance of a specified
duration is required.

1.4 This standard should be used to measure
and describe the properties of materials, products,
or assemblies in response 10 heat and flame under
controlled laboratory conditions and should not
be used to describe or appraise the fire hazard or
fire risk of materials, products, or assemblies
under actual fire conditions. However, results of
this test may be used as elemens of a fire risk
assessment which takes into account all of the
factors which are pertinent in an assessment of
the fire hazard of a particular end use.

2. Significance

2.1 These methods are intended to evaluate
the abulity of a door assembly to remain 1n an
opening duning a predetermined test exposure.

2.2 The tests expose a specimen (0 a stand-
ard fire exposure controlled to achieve specified
temperatures throughout a specified time pe-
nod. followed by the application of a specified
standard fire host stream. The exposure, how-
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ever, may not be representative of all fire con-
ditions, which may vary with changes in the
amount, nature, and distribution of fire load-
ing, ventilation, compartment size and config-
uration, and heat sink charactenistics of the
compartment. It does, however. provide a rel-
ative measure of fire performance of door as-
semblies under these specified fire exposure
conditions.

2.3 Any vanation from the construction or
conditions that are tested may substanually
change the performance charactenstics of the
assembly.

2.4 The methods do not provide the follow-
ing:

2.4.1 Full information as to performance of
all door assemblies in walls constructed of ma-
terials other than that tested.

2.4.2 Evaluation of the degree by which the
door assembly contributes to the fire hazard by
generation of smoke, toxic gases. or other prod-
ucts of combustion.

2.4.3 A specific requirement that the unex-
posed surface temperatures be reported al-
though the temperature measurement proce-
dure is described.

244 A limit on the number of openings
allowed in glazed areas or of the number and
size of lateral openings between the door and
frame.

2.4.5 Measurement of the degree of control
or limitation of the passage of smoke or prod-

" These methods are under the junsdiction of ASTM
Commuittee E-S on Fire Standards

Current editton approved Sept. 25 and Nov 0. 1%}
Published March 1982, Onginally publishedas € 182 40 T
Redesignated E 152 1n 1941 Last previous editon £ 82
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ucts of combustion through the door assembly.

CONTROL OF FIRE TESTS
3. Time - Temperature Curve

3.1 The fire exposure of door assemblies
shall be controlled to conform to the applicable
portion of the standard time -temperature
curve shown in Fig. 1. The points on the curve
that determune its character are:

1000°F (538°C) at 5 min
1300°F (704°C) at {0 muin
1550°F (843°C) at 30 min
1700°F (926°C) atlh
1850°F (1010°C) at2h

2000°F (1093°C) atdh
2300°F (1260°C) at 8 h or over

3.1.1 For a closer definition of the ime-tem-
perature curve. see Table Al.l.

4. Furnace Temperatures

4.1 The temperatures of the test exposure
shall be deemed to be the average temperature
obtained from the readings of not less than
nine thermocouples symmetrically disposed
and distributed to show the temperature near
all parts of the test assembly. The thermocou-
ples shall be protected by sealed porcelain tubes
having *-in. (19-mm) outside diamete. and '»-
in. (3-mm) wall thickness, or, as an alternative,
in the case of base metal thermocouples, pro-
tected by 'e-in. (13-mm) wrought steel or
wrought iron pipe of standard weight. The
junction of the thermocouples shall be 6 in.
(152 mm) from the exposed face of the test
assembly or from the masonry in which the
assembly is installed, during the entire test
exposure.

4.2 The temperatures shall be read at inter-
vals not exceeding S min during the first 2 h,
and thereafier the intervals may be increased
to not more than 10 min.

4.3 The accuracy of the furnace control shall
be such that the area under the time - temper-
ature curve, obtained by averaging the results
from the thermocouple readings, is within 10 %
of the corresponding area under the standard
time - temperature curve for fire tests of 1 h or
less duration. within 7.5 % for those over | h
and not more than 2 h, and within 5 % for tests
exceeding 2 h in duration.

S. Unexposed Surface Temperatures
5.1 Unexposed surface temperatures shall be

recorded and shall be determined in the follow-
ing manner:

E 152

5.1.1 Unexposed surface temperatures shall
be taken at not less than three points with at
least one thermocouple in each 16 ft* (1.5 m")
area of the door. Thermocouples shall not be
located over reinforcements extending through
the door. over vision panels. or nearer than |2
in. (305 mm) from the edge of the door.

5.1.2 Unexposed surface temperatures shall
be measured with thermocouples placed under
flexible, oven-dry, felted asbestos pads 6 in.
(152 mm) square. 0.4 in. (10 mm) in thickness.
and weighing not less than 1.0 nor more than
1.4 1b/ft® (4.88 10 6.83 kg/m’). The pads shall
be held firmly against the surface of the door
and fit closely about the thermocouples. The
thermocouple leads shall be immersed under
the pad for a distance of not less than 3. in.
(89 mm) with the hot junction under the center
of the pad. The thermocouple leads under the
pads shall be not heavier than No. 18 B & S
gage (0.04 in.) (1.02 mm) and shall be electn-
cally insulated with heat-resistant and mous-
ture-resistant coatings.

5.1.3 Unexposed surface temperatures shall
be read at intervals not exceeding 5 min for the
first 30 min of the test.

TEST ASSEMBLIES
6. Construction and Size

6.1 The construction and size of the test door
assembly, consisting of single doors. doors in
pairs, special-purpose doors (such as Dutch
doors. double-egress doors. etc.), or multisec-
tion doors. shall be representative of that for
which classification or rating is desired.

6.2 A floor structure shall be provided as
part of the opening to be protected. except
where such floor interferes with the operauon
of the door. The floor segment shall be of
noncombustible matenal and shall project unto
the furnace approximately twice the thickness
of the test door, or to the umit of the frame,
whichever is greater.

7. Mounting for Test

7.1 Swinging doors shall be mounted so as
to open into the furnace chamber. Shding and
rolling doors, except honizontal shide-type ele-
vator shaft doors. shall be mounted on the
exposed side of the opening in the wall closing
the furnace chamber. Honzontal shde-tvpe el-
evator shaft doors shall be mounted on the
unexposed side of the opening in the wall clos-
ing the furnace chamber. Access-tvpe doors
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and chute-type doors and frame assemblies
shall be mounted so as to have one assembly
open into the furnace chamber and another
assembly open awav from the furnace chamber.
Dumb-waiter and service-counter doors and
frame assemblies shall be mounted on the ex-
posed side of the opening in the wall.

7.2 The mounting of all doors shall be such
that they fit snugly within the frame. against
the wall surfaces, or 1n guides, but such mount-
ing shall not prevent free and easy operation of
the test door.

7.2.1 Clearances for swinging doors shall be
as follows: With a minus %s-1n. (1.6-mm) tol-
erance: % in. (3.2 mm) along the top. 4 in.
along the hinge and latch jambs. 4 in. along
the meeting edge of doors, in pairs, and * tn.
(9.5 mm) at the bottom edge of a single swing-
ing door. and 4 1n. (6.3 mm) at the bottom of
a pair of doors.

7.2.2 Clearances ot honizontal sliding doors
not mounted within guides shall be as foliows:
With a minus 's-in. (3.2-mm) tolerance: ' in.
(12.7 mm) between the door and wall surfaces,
' 1. (9.5 mm) between the door and floor
structure and '« 1n. (6.3 mm) between the meet-
ing edges of center-parting doors. A maximum
fap of 4 in. (102 mm) of the door over the wall
opening at sides and top shall be provided.

7.2.3 Clearances of verucal sliding doors
moving within guides shall be as follows: With
a minus ‘s-1n. (3.2-mm) tolerance: “ in. (12.7
mm) between the door and wall surfaces along
the top and or the bottom door edges with
guides mounted directly to the wall surfaces
and ' in. (4.8 mm) between the meeting edges
of bi-parting doors or *is in. between the door
and floor structure or the sil.

7 2.4 Clearances for honzontal shde type el-
evator doors shall be as follows: With a minus
-in. (3.2-mm) tolerance: % in. (9.5 mm) be-
tween the door and wall surfaces, * in. between
the mulusection door panels. and * in. from
the bottom of a panel to the sill. Multisection
door panels shall overlap % n. (19.0 mm). Door
panels shall lap the wall opening * 1n. at the
sides and top.

CONDUCT OF TESTS

8. Time of Testing

8.1 Time of Testing—Masonry shall have
sufficient strength to retain the assembly se-
curely 1n posiion throughout the fire and hose

E 152

stream test
9. Fire Endurance Test

9.1 Maintain the pressure 1n the furnace
chamber as nearly equal 1o the atmosphenc
pressure as possible.

9.2 Conuinue the test unul the exposure pe-
nod of the desired classification or rating 1
reached unless the conditions of acceptance set
torth in Section 12 are exceeded 1n a shorter
penod.

10. Hose Stream Test

10.1 Immediately tollowing the tire endur-
ance test. subject the test assembly to the im-
pact. erosion. and cooling effects of a hose
stream directed first at the muddle and then 4t
all parts of the exposed surtace. making
changes in direction slowly.

(0.2 Deliver the hose stream through a 2
In. (64-mm) hose discharging through a Na-
tional Standard Playpipe of corresponding ~iz¢
equipped with a |'s-in. (28 5-mm) discharge up
of the standard-taper smooth-bore pattern with-
out shoulder at the onfice. The water pressure at
the base of the nozzle and duration otapplication
in s/ft° (m°) of exposed area shall be as preseribed
in Table 1.

10.3 The up of the nozzle shall be located
20 ft (6 m) from and on a hine normal to the
center of the test door. If impossible to be <o
located. the nozzle may be on a line deviating
not to exceed 30° from the line normal to the
center of the test door. When so located the
distance from the center shall be less than 20 1t
by an amount equal to 1 ft (0.3 m) for each 10°
of deviation from the normal.

11. Report

1.1 Report results 1n accordance with the
performance in the tests prescnbed 1n these test
methods. The report shall show

I1.I.1 The performance under the dewired
exposure period chosen from the following 20
min, 30 min. ‘ch. Lh. I':hoordh

11.1.2 The temperature measurements of the
furnace.

11.1.3 The temperature measurement of the
unexposed side.

1t.1.4 All observations having a beartng on
the performance of the test assembly

11 1S Flaming, if anv. on the unexposed
surface of the door leat during the first 20 min
of the fire test.
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L1 1 6 The amount of movement of any por-
ton of the edges of the door adjacent to the
door frame trom the onginal position (see Sec-
uon 12)

1117 The matenals and the construction of
the door and trame. and the details of the
installanon. hardware. hangers. guides. tnm.
finish. and clearance or lap shall be recorded
or appropnately referenced to ensure positive
identufication or duphication in all respects

Il 1.8 Pressure measurements made n the
turnace and their relauonship to the top of the
door.

CONDITIONS OF ACCEPTANCE

12. Conditions of Acceptance

12.1 A door assembly shall be considered as
meeting the requirements for acceptable per-
formance when 1t remains 1n the opening dur-
ing the fire endurance test and host-stream test
within the following limitations:

12.1.1 The movement of swinging doors
shall not permut any portion of the edges to
move from the onginal position more than the
thickness of the door. dunng the first half of
the classification penod. nor more than |2
umes the thickness dunng the enure classifi-
cation penod. nor more than |*: umes the

thickness immediately following the hose
stream test.
1212 An assembly consisting of a pair of

swinging doors shall not separate more than *¢
in_ (19 mm) or equal to the throw of the latch

E 152

bolt at the latch locanon

1213 An assembly consisting of a4 single
swinging door shall not separate more than
tn. (13 mm) at the latch locauon

1214 The lap edges of passenger (A17 |
honzontal shide-type) elevator doors. including
the lap edges of multisection doors. shall not
move from the wall or adjacent panel surfaces
sufficiently to develop a separation of more
than 2'+1n (730 mm) dunng the enure classi-
fication penod. or immediately following the
hose stream test. The meeung edges of center-
parung elevator door assemblies. for a fire and
hose stream exposure of 12 h or less, shall not
move apart more than 1% 1n. (31.7 mm) as
measured in any honzontal plane dunng the
enure classification penod or immediately fol-
lowing the hose stream test.

12.1.5 Doors mounted 1n guides shall not
release from guides and guides shall not loosen
from fastenings.

12.1.6 The test assembly shall have with-
stood the fire endurance test and hose-stream
test. without developing openings anywhere
through the assembly, except that small por-
tions of glass dislodged by the hose stream shall
not be considered a weakness.

13. Precision and Bias

131 Precision and bias data are not available
at this time: however, a task group ot Subcom-
mittee EOS 12 has been established to investigate
the subject and prepare a statement.
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TABLE | Water Pressure at Base of “ouzie aad 2400
of Applicston’
,,;’"'m 1200
Water Durauon
Pressure ot Appl- 2000
at Base ot canon, . 8
Desired Rating Noule. . I “)(:d .'é 1000
P m’) expo nd
Pay area ) 1600 800
T ® -
45 (310 1 3
! h and over if less than 3 h 30 207y 1S
| h and over if less than 1= h 30 1207 09 ;1200
30 (207) e g 600
' The expused area may be calculated using the outside §,
Jimensions of the test specimen. including 2 frame. hangers. E 800 - 400
iracks. or other pans of the assembly if provided. but nor- [ L o
mally not including the wall into which the specimen 1 |
mounted Where multiple test specimens are mounted in the o —— L 200
same wall. the rectangular or square wall area encompassing i E |
all of the spevimens will have to be considered as the exposed % T 4
area since the hose stiream must traverse this area dunng its ‘ | ! ‘ -0
0
0 4 6
Time, hr.
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ANNEX

(Mandatory Information)

TABLE A1l Suandard Time-Temperature Curve for Control of Fire Tests
Time Temperature. Area Above 68°F Base Temperature. Area Above U C Base
h mun °F-mun °F-h ¢ °C-min h
000 3] 00 0 20 X
005 1 000 2 330 39 S38 {29 22
010 1 300 7 740 129 704 4 30 "2
015 I 399 14 150 236 760 T Ry 131
020 1 462 20 970 350 795 1680 194
028 1 510 28 050 468 821 1§ 590 N
030 1 8§50 35 360 589 843 19 650 L
0135 1 S84 42 860 T4 862 23 810 9T
040 1 613 SO 510 842 878 28 06U SAN
045 I 638 $8 300 971 892 32 390 T4
050 1 661 66 200 1 103 905 36 TR0 IR
0SS 1 681 74 220 i 237 916 41 230 s
{.00 1 700 82 330 } 372 927 45 740 N
108 I 18 90 540 1 509 937 50 30 “is
110 1 735 98 830 | 647 946 S4 910 viF
tis 1 750 107 200 | 787 955 89 S60 el
120 1 765 115 650 1 928 963 64 250 i
128 1 779 124 180 2 070 97] 68 99 [
130 1 792 132 760 2213 978 73 Teu R
135 I 804 141 420 2 157 985 T8 Sen) [
1 40 1 815 150 120 2 502 991 K3 ao0 R
145 1 826 158 890 2 648 996 K% 20 O
150 1 835 {67 700 2 79§ {001 93 17h X
155 | 843 176 550 2 942 1 006 UR R -
200 1 850 185 440 3 091 1 010 103 120 |
210 1 862 203 330 3 389 1 017 112 960 Dol
220 1 875 221 330 3 689 i 024 122 960 Do
230 1 888 239 470 3 991 1 03} 133 o A
240 1 900 257 720 4 295 ! 03R 143 |an MR
250 1 912 276 (10 4 602 1 045 IRRERICE 2ot
300 1 925 294 610 4 910 1 0582 163 670 T
310 1 938 313 250 5 221 1 059 173 e Y
320 1 950 332 000 S 533 I 066 | nd 450 FEK
330 1 962 350 890 S 848 1 072 194 vdir Tlav
a4 1 97§ 369 890 6 165 1 079 208 S R
180 1 98§ 389 030 6 484 I OR6 26 i ~oD
40 2 X0 408 280 6 805 1 093 226 w2 .
410 2012 427 670 7 128 1100 AR NI
420 2 028 447 180 7 483 1107 248 A [RER
430 2 038 466 810 7 780 I 114 289 340 4 022
440 2 050 486 560 8 110 1121 270 o 4
450 2062 S06 450 8 44| 1128 N1 o 4o
SO0 2075 $26 450 8 774 L f1s 292 470 SRR
S0 2 0K8 546 580 9 110 1 142 303 o) S
$20 2 100 S66 840 9 447 | 149 1id vin 24
530 211 SR7 220 9 787 1 156 126 240 1T
5 40 2128 607 730 10129 1163 ERRICRIE e
550 2 138 628 360 10 473 {170 RELIS L e
600 2 150 649 120 10 819 1177 160 620 ¢
610 2 162 670 000 1y 167 1 1%4 LR rood
6
g aee
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TABLE Al.) Continued
. 31°¢
) Tiume Temperature. Area Above 68°F Base Temperature, Area Above 20°C Base .
h mun F *F-mun °F.h ¢ *C-min °C-h
T Tew 278 691 010 1 os1? 1191 383 900 6 J9R
630 2188 712 140 1l 869 | 198 395 640 6 594
o 2 200 733 400 12 223 | 204 407 450 6 91
650 2212 754 780 12 580 1211 419 330 6 989
700 2 225 776 290 12 938 1218 127 7 188
210 2 238 797 920 13 299 | 228 443 290 388
+ 20 2 250 819 680 13 661 | 232 455 380 7 490
730 2 262 841 560 14 026 1 239 47 540 7 992
740 2 275 863 570 14 393 | 246 479 760 7 99
50 2 288 885 700 14 762 1253 492 060 8 201
X 00 2 300 907 960 15 133 1 260 504 420 X 407
APPENDIX

(Nonmandatory Information)

X1. COMMENTARY

X1.1 Iatroduction

X111 This commentary has been prepared to
provide the user of Methods E 152 with background
information on the development of the standard and
its application tn fire protection of buildings. It also
provides guidance in the planming and performance
ot tire tests and in the reporuing of results. No attempt
has been made to incorporate all of the available
information on fire tesung 1n this commentary The
sertious student of fire testing s strongly urged to
peruse the referenced documents for a better appre-
aiation of the history of fire-resistant design and the
intnicate problems associated with testing and with
interpretation of test results.

X1.2 Application

X1.2.1 Compartmentation of buildings by fire-resis-
tive walls has been recognized for many years as an
ethicient method of restncung fires to the area of ongin
(1.2, 3. 4. 5.6, 7, 8, 9) or limiting their spread. The
tunctional use of buildings however, demands a reason-
ahle amount of communication between compartments
necessitating openings 1n these fire-resistive walls. Fire
door assembhes are utiized to protect these openings
and maintain the integnty of the fire barmer (10).
Openings in walls have been classified by fire protection
standards (6, 11, 12) and building codes 1n accordance
with the locauon and purpose of the wall in which the
opening occurs, and these standards and codes specify
the fire rating of the assembly required to protect the
openings

X1.2.2 These fire protection standards and build-
ing codes permit labeled wire glass panels and other
penetrations, such as labeled venulation louvres. 1n
some rated doors. The reader 1s referred to the modet!
building codes, NFPA Standard No. 80. and the
specific fire door manufacturer's label service for
information on the types and sizes of these openings

X123 Fire doors must also be properly installed
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to maintain therr fire raung Again, NFPA Standard
No 80 and the speaific fire door manufacturer’s label
service should be consulted for details on the instal-
lauon of fire door assembhies and for imitations on
the applicanon of specific labeled fire doors

X13 Historical Aspects

X1.3.1 The first effort to test fire doors 1s reported
In a senes of tests conducted in Germany in (893 (13,
14. 15). The Bnush Fire Prevention Commuittee began
testing in 1899 and produced a Standard Table of Fire
Resisting Elements including Fire Resisting Doors (h)
Underwnters Laboratones Inc. was involved 1n testing
and histing fire doors shortly after 1900 using their own
standards. ASTM adopted Methods E 152 on fire door
assembly tests 1in 1941

X1.4 Scope and Significance

X141 Methods E 152 are intended 10 provide
methods for measunng the relatve performance of
fire door assemblies when exposed to predetermined
standard fire conditions. The standard provides for
testing of several classifications. types. and methods
of door operation including swinging. shding. rolling.
and sectional doors (6). Since the effectiveness of the
opening protection 1s dependent upon the entire assem-
bly. proper attention must be paid to the installation as
a unit. Accordingly, fire door assemblies are required
to be tested as an assembly of all necessan elements
and equipment. including the door frame and hard-
ware.

X1.4.2 Fire protection ratings are assigned to indr-
cate that the assembiy has continued to perform as
required for penods of 3. 1'%, 1. Y, "2 0r "+ h Labels
on assemblies also carm the lettered designations of A,
B. C. D. or E. These letter designations are not a pan

“ The sidface numbers in parentheses refed to the hist of
retercnces at the end of this appendin
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of the E 152 standard classification system but are used
1o designate the class of opening for which the door is
designed as determined by other standards (6, 11).

X143 The “3-h. or 20-mun fire-rated door s rel-
atively new. Concern about the uniform adequacy of
the (% 1n. (44 S-mm)} solid bonded wood core con-
struction and the difficulty of determining equiva-
lency of other types of doors. led to a voluntary
consensus 1o test such doors for 20 min tn the E 152
furnace using the same acceptance cntena as speci-
fied for door assemblies traditionally tested for a
longer penod of ume except that the hose stream test
15 required by the test method but may not be re-
quired by regulatory codes.

X1.4.4 v s usual for fire door to have a fire
protection rating lower than the wall in which 1t is
installed, for example, a [%-h fire door 1n a wall
having a fire-resistance ratng of 2 h. This is justified
by the fact that under normal conditions of use the
potential fire exposure in the viciuty of a door open-
ing is lessened since there will be a clear space on
both sides of the opening for traffic purposes. If the
opening 1s not used. combusubles may be piled
against the door, and the assumed enclosure protec-
ton will not be maintained. In these instances, the
openings should be made equal to the raung of the walil
or precautions taken to prevent storage of combusubles
against the doors (2, 6).

X1.5 Limitations

X1.5.1 Methods intend that the door be tested
unul the conditions of acceptance are met for the
desired exposure penod unless the conditions of ac-
ceptance are exceeded in a shorter peniod. It 1s not
intended that a fire door subjected to a building fire
will be satisfactory for reuse after the fire.

X1.52 The vanauions in matenal performance
preclude any prediction of an assembly’s perform-
ance 1n walls other than those types used in the test.
The standard also makes no provisions for measunng
the generation of smoke and gases or other products
of combusuion from the unexposed side of the door
Temperature measurements on the unexposed side.
when recorded. are stopped after 30 mn.

X1.6 Furnace

X161 The methods provide details on the oper-
aung charactenstics and lemperature-measurement
requirements of the test furnace. The walls of the
furnace should be tvpically of furnace refractory
matenals and should be sufficiently rugged to main-
tain the overall integnty of the furnace dunng the
fire-exposure penod

X162 The thermocouples in the furnace are lo-
cated 6 1n_ (152 mm) from the face of the door or the
wall 1in which the door 1s installed. Otherwise no
furnace depth 1s specified. A depth of 8 10 13 1n. (203
10 457 nm) has been considered desirable by most
laboratonies. The reader 1s urged 1o consult reference
Jdocuments tor a more comprehensive review of furnace
Jdesign and performance (16, 17).

X1.7 Temperature ~ lime Curve

X1 71 A specific temperature — tme relationship
tor the test fire 1s defined 1n the standard and in the
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Annex. The actual recorded tempetature — tme con-
dition obtained 1n the tumace 1s required to be within
specified percentages of those of the standard cunve
The number and type of temperature-measunng dJe-
vices are outlined in the standard. Specific standard
practices for locauon and use of these temperature-
measunng devices are also outlined in the standard.

X1.7.2 The standard temperature — time (7 — 1}
curve used 1n E 152 1s considered to represent a severe
building fire (3). The curve was adopted in 19(8 as 4
result of several conferences by eleven technical orga-
nizaunons, including testing laboratones. insurance un-
derwnters, fire protection associations. and techmcal
societies. [t should be recognized that the I - ¢ rela-
tionship of these test methods represent only one real
fire situation (7, 8, 9, 18, 19, 20, 21, 22, 23, 24, 2§, 26,
27).

X1.8 Furnace Coatrol

X1 8.1 The standard contatns specific (nstruction
for measunng temperatures in the furnace and for
selection of the required thermocouples. Thermocou-
ples of the design specified are sufficiently rugged to
retain accuracy throughout anucipated test penods
However, their massive construction results in a sig-
nuficant ime delay in response 1o temperature change
and results in temperatures exceeding the indicated
temperatures dunng the early stages of the test penod
when the temperature nses rapidly. The ron or por-
celain tubes surrounding the junction and leads of
the thermocouple provide a shield against degrada-
tion of the junction and increase the thermal inerua
It 15 customary for laboratones to replace furnace
thermocouples after three or four accumulated hours
of use.

X1.9 Unexposed Surface Temperature

X191 Conditions of acceptance for fire-resistive
walls specify that the temperature increase on the
unexposed side of the wall not exceed an average ot
250°F (139°C) above ambient, and that there be no
passage of flames or gases hot enough w ignite
combustibles 1t s obvious that the necessity of main-
tauming some clearances for efficient operation of the
door and the possibility of warping preclude com-
pletely any attempt 1o restnct escape of gases and
munor flames on the penphery of doors

X192 The standard descnbes a standard proce-
dure for measunng the unexposed surface tempera-
tures. However, unexposed surface temperatures are
not a condition of acceptance for E 151 Building
regulations do restnct temperature transmission tor
some wall-opening protectives (6, 11 For instance. nt
15 usual for codes to timit the temperature nse on the
unexposed side of fire doors protecting exit stairwass
to 450°F (250°C) dunng the first 30 min of test This
cnitenon assumes that a higher temperature would pro-
vide enough radiant heat to Jdiscourage 1t not prevent
occupants from passing by the door dunng an emer-
geney It s presen: aractice tor testing laboratones to
provide labels on ¢ doors indicating that the mav-
mum transmitted .omperature on the unevposed side
1s 2SOF. 450°F. or 630°F (139°C TS0°C ar e it
above ambient If not indicated on the label the tem-
perature nse dunng the fint 30 min mav or mav 2t
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be in excess of 650°F (361°C1. Temperature nse on the
unexposed side of glass panels and louvres 1s not mea-
sured.

X1 93 Intormation on the properues of pads used
to cover the thermocouples on the unexposed surfaces
may be found in Appendix A of ASTM Swandard
E119

X1.10 Test Assemblies

X1.10.1 Standard E 152 provides a relative measure
of performance for door assemblies. In order to estab-
lish confidence that the tested doors will perform 1n a
building as expected. the tested assembly and s instal-
lation 1n the test frame must be representative of actual
use conditions. Therefore. the Nauonal Fire Protecuon
Assn. Standard No. 80 {6) or such other standards or
specifications should be consulted before tesung an
assembly

X1 102 Methods E 152 provide additional muni-
mum requirements including direction of door swing,
locauion 1n relation to the exposed side of the wall,
and specific clearance between the dour and its frame
or wall. or both Regardless of other specifications,
these instrucuons must be followed 1n order to make
a comparauve judgment on test results

X1.11 Comduct of Tests

X1 111 The test frame or wall 1n which a door
assembly 15 installed should be rugged enough to
endure the exposed fire dunng the ume penod. with-
out affecung the door assembly. Tradiuonally. this
wall has been of masonry construction Today. fire
doors are installed in other than masonry walls and
have been tested in walls framed with metal and
wood studs covered with a number of matenals

X1.12 Fumace Pressures
X121 A fire 1n a building compartment will

E 152

create both negative and positive pressures on door
assemblies depending upon atmosphenc conditions.
height above ground. wind conditions. and ventila-
tion of the compartment at the beginning and dunng
the fire

X1.12.2 Methods E 152 specify that the pressure
in the furnace be maintained as nearly equal 10
atmosphenic pressure as possible Expenence has
shown this practice (o be acceptable. The pressure in
the furnace is required to be reported but the method
of measunng it 1s optional with the laboratory

X1.13 Hose Stream Test

X113 1 Immediately following a fire test. the test
frame 1s removed from the furnace and the door
assembly 1s subjected to the impact. erosion. and
cooling effects of a stream of water from a 2%:-in
(63 5-mm) hose discharging through a standard plas-
pipe equipped with a 1'4 in. (28.5 mm) up under
spectfied pressures (see 10.2). The application of water
produces stresses I1n the assembly and provides a mea-
sure of its structural capability. Weights were once used
to provide a measure of the abihity of the assembly to
withstand impact. The hose stream 1s considered to be
an 1mprovement 1n uniformity and accuracy over the
weights.

X1.14 Conditions of Acceptance

X1.14.1 The standard provides a specific set of con-
ditions by which the performance of the door 1s mea-
sured. the most important being that 1t remain 1n place
dunng both the fire test and the hose stream test
Instrucuions for conducting the hose stream 1est are
detailed in the standard

X1.15 Additional Information

X1 151 Inquines concerning Methods FE 152
should be addressed to ASTM Subcommuttee EOS 12
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ON TESTING FIRE DOORS WITH HOSE PORTS
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This Feport was prepared as an accoun* ¢t work sponsored bv
the United States Government. Neither the United States
Governmert nor Underwriters Laboratories Inc. nor any of their
employees nor any of their contractors, subcontractors, or their
employees make any warranty, express or implied, or assume any
legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or
processes disclosed, or represents that its use would not
infringe cn privately owned rights. This Repcort mav nct he used
in any way to infer or to indicate acceptabilit« kv Uncerwriters
Labcratories Inc. for anv product or systemn.
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File USNCl4Z ii Issued: 11-2-36

Two fire tests were conducted with each assembly consistinc
of two Class A-15 marine type fire doors installed in Class A-60
bulkhead assemblies. Three of the doors were provided with a
hose port. Three cf the doors were installed so as to swing into
the furrace chamber and one to swing away. The bulkhead
assemblies were constructed using 11 USSG steel plate protected
with USGG approved structural insulation as specified in the USCG
"Guide To Structural Fire Protection Abcard Merchant Vessels.”

Each fire test was ccnducted for a 1 h duration esszentially
in acccrdance with the ASTM E152 Standard for Fire Tests cof Dcer
Assemblies. After the 1 h f{ire endurance test each tast pancl
was immediately removed €frcem the furnace and the door ussemblies
subjected to the hose stream test specified in ASTM EI:C

4

During each test cbservations and measurecrents were made o
the passace of flame and water “hrough the dccr assemizlies, -rhe
temperatures on the unexcosed and exccosed faces c¢? the Jdcor
assemblies, temperature within the furnace charher, heat Jlux
incident on the expcsed face cf +the test frame, relative pressure
within the furnace, movermert of the docrs arnd hcse port and

ignition of cotton wool placed over critical areas on the
unexposed side of the dccr assemblies, with particular reterence
to the hcse port area cf the doors. DThotographic aind vides
records of the tests were obtailined.
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This is a final report of an investigation ccnducted urder
Furchase Crder Nos. DTCG50-86-P-01554 and DTCGS50-86-P-016€50
issued by the United States Department of Trarcportation, United
States Coast Guard for the second phase of their R & D Project
No. 2:284.

The test work was ccnducted on October 7, 1986 (Purchease
Order No. DTCG50-86-P-(01554) and Octcher 8, 19286 (Purchase Order
DTCG50-86-P-01650) .

Respectfully submitted
CNDERWRITERS LABORATCRIES INC.

AT o

H. J. GRUSZYE
Senior Project Enginecer
Fire Protecc.on Department

Qeviewed ard aporoved by:
/ . e / /
; Y ~/¢/

K. W. EOWELL
Associate Managing Engineer
Fire Protection Department
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INTROCD T C T I ON
‘

B This 1investiagaticn was initiated to rpreovide «ost
-~

‘A United States Coast Cuard (USCG) concerning the tericrrance undor
N a standard {ire exposure test of marine type fire dccrs emplcoving
- hcse ports.

o . The object of this investigation was to develop data cn the
' fire performance of the door arnd frame asserblies bv means of
fire exposure and hose stream tests conducted in acccrd
) the Standard, "Fire Tests of Door Assemblies”, ASTM F13.
% tests were conducted in accordance with ASTM E132 ou

[EE W)
o
D)
)
3
ot

111~

(93]

o1
¢

-+

0

L.
follows:

J . . - :
pL 1. The pressure inside the furnace was contrclied =zursr
< that the neutral pressure plane was locotaed at = o -

- edge of the hose gcris.

o 2. Additicnal thermoccuples were vlaced 1n “he turnz- =
» . . . .

-, reccrd *temperatures on the exrcuoed ~ace oo i

= and in the :furnace chamkber 2t cpecificd Tro-viors

1
RS r

2auest ci the UECCG.

) 3 Ore ot the doeor asserblies was ins+<al
# away trom the furnrace.

. 3. Quick response type shiclded furnace tilermosoun -7 :
» used to reccrd furnrace temperatures, Catihioer cloon

. slewer response tvpe urotected thermorstun Lol o
L7 in *he ASTM E1Z2 Standard.

v 5. Thermccouple pads used on the uncxpesed “i°> 0 7 0

- asserbly were of the “vre specified in s« 000

- Specitications feor Bulxheoaa Fanelos, 49CRR, i

. 154,008,

N 6. Flame penctration on Yhe unexpeosed tacoe

: sserbly was determinca By means of  coTeoonowe

oS claced over critical arcas as descrited in b

Y- 164,008,

N 7. Heat €lux readings and additlonal temoor e

- measurerents on the oxMpesed and UNCNLCsen €1 00 R
N assemblies were made at “he roguest 0 b TR0
|
N \
. ::

e

o

o
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CONSTRUCTION DETAILS:

GENERAL

Each test dcor assembly consisted of a hollow-metal door,
pressed steel frame, 3 mortise hinges, and a mortise lock,
received as an assembled unit from the manufacturer. Three of
the doors were fitted with hose ports of various designs located
at the bottom latch edge corner of each door. The door
assemblies were reported as approved for Class A-15 locations.

See ILL. 1 for the test panel/bulkhead configuration.
DOORS

Each door was designed for an opening 36 in. (914 mm) 1in
width and 70 in. (1778 mm) in height.

Each door consisted of steel faces spot welded to steel

stiffeners. The doors were filled with mineral woecd insulaticn.
HCSE PORTS
Three of the docrs were constructed with hose rerts., Each

port was formed of steel and attached to the door with cne hinge.
The doors/ports were fixed with manual surface bolts, but they
were altered sc as not tc cause accidental latching of the
assemblies during the tests.

FRAMES

The frames ccnsisted of sheet steel formed/welcded into a
four sided single rabetted frame. The frame throat was c.csecd
and brcught out tc a flange, which was welded to the face oI the
bulkhead gpanel. The closed spaces of the frames were Iilled with
mineral waol, See ILL., 19 for details of the frame ccnstruction.,

HARDWARE

Earh assemblv incorporated a UL Listed mortise tyure lcckse*
with 21 3.4 1rn. (19 mm) latch throw.

Fach rdrer was provided with 3 mortise type steel hinaes
5 1n. (127 mm) hich. The hinges were attached to the dcor and
frame wlth machlne screws.
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RULEKHEAD

Each fcor and frarme assembly was iInstz .. nto 2 Class A-6C
bulkxheac. The bulkhead assermplies were mcur -l 1n<C a Lricrk wati-
within the test panel.

See ILL. 16 for the construction of each steel bulkhead,

After the door assemblies were installed in the steel
bulkheads, bv cortinuously welding the frame Zlince to the
bulkhead, USCG approved mineral wool structural insulation was
applied on one side of the bulkhead assemblies. The insulation
was attached by welding steel pins, on 12 in. certers, cn the
exrosed face of the bulxhead. Structural insulaticn, 3 in.
+hick, was impaled on the pins, the insulation ccverec with a
wire mesh, and then ste=l1 clips placeé on the pins over the mesh
tc unitize the assemblw. The interface betwear the bul:zhi2ac
ranel asserblies ancd *he test panel was sealec tc rrevent leaxaage
ct hot gases along the edges oI the test frame.

To aide in correlating the test results crhtzined urinu zhe
two tests, all data is rreserted together and reierance ! DY the
‘ollcwirnc %“est sample deslgrations:
Cample Desicration Sample Descripticr
o Yorth assembly o0f test lo. . (dicar gwinagina i,
dcukle acting hese coroz).
IS Sfouth assembly of test No. 1 (icor swirniinag 1o,
no hose port).
N North asserbly of %e=c Yoo . ¢ icor swirnTing oo,
hcse rort swina in).
_S Scuth asserhl ot %est Ik N B Rl S O B SR SRS A
L.cse Lorst swinainT cutl
The ernerdl aQppeariance o Fho crasen sl e IO Set T e
the test assermbily Mo, 1 ois shewrn by I10E. O oo ,oar i
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TESI RECORD XNO. 1

FIRE ENDURANCE TEST®

METHOD

After the br.>. wall of the test panels had seasoned, the
fire tests were c-riucted in accordance with the Standard for
Fire Tests of Dco>r Assembiies, ASTM E152.

Throughou* t.:e fire tests, observations were made with
respect to the :.aracter of the fire, the condition of the
exposed and une: posed faces and all develorments pertinent to the
performance of :he doors as a fire retardant with special
reference to s*ability and flame passage.

RESULTS
Contro!l of Furnace Temperatures arc Pressure - Both fires
were lumin~'.s and well distrikbuted during the €fire test. The

temperatur:; within the €furnace chamber were controlled in
accordanc: w~ith the Standard Time-Temperature Curve as shown on
ILLS. 4 (t .st No. 1) and 11 (test YNec. 2) and defired in the
ASTM E152 3tandard. See ILL. 5 for the furrace thermoccuple
locatiorn for both tests.

Th pressure in the furnace chamber €for each test was
contro” ed so as to locate the neutral pressure plane at about
the tc edge of the hose ports. Measurements of the static
press ..e during the fire exposure tests were made using twc
press ire taps, one located at the top of the dcers and cre
loca-ed at the top edge of the hose ports. The meacsurements
re ¢ rded are shown in Appendix A for the correlated data.

Apz -ndicies C ard D contain the data for Test Nos. 1 and Z,
r- pectively.

Observations of Exposed Face of Test Asserkblies - The

cosservaticrs con the exposed side were as follows:
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[op

s Fire Expcsure
z Time, min Samcle No. Obscrvazione

KD
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v 4 N, 1S The dcors were bovinag =cwarc

7]

[an

)

¥ M < 3 N g
. 5 N, 28 The cdoors were bowing towards the fir

0]

. 10 2N, 28 The paint has burned oif the dccrs ard
e - frames. The bulkhead insulation has
slichtly discolored.

e, 12 i, 1s The pairt has burred c¢i? =ha :ircrs ard

. trames. The buirhead inzu n=icn has s.:
; discolored.

kA :0 1y, 15, The hardware remained . The

N, 2 bewing of the dccres st

- 35 N, 1s, Mo apparent chance 1 nio rneosrcres
[~ 2N, IS during the last 3. minveosz ~o
> €ire exposure.
5 The ~eneral appeararce of the ewrcsca Taco R At
[+ fire :uposure tes<s and kefore +<he applicasion -7 - RS e
> 1g shewn by ILLS. 6 (test No. 1) and 12 (Test oL ).
J'

Observaticns of Unenpased Side - The deflicr-=t o -7 x50 ver
. assenbly was determined by rmeasurenents alona <he oriorne
L center line of the door at micdheicht. Tho reas ot Cer
- lire was & fine, taut, stcel wire rrannin =he wlos. Toste
- crening.
:'-

The deflecticrs of each deoer and frare awwsomb o oy <ha
fire durirc +the “ire oxposure were o€ i : i : ;
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‘et

Mposed surface toeororiatures of
i and recerded. The oo e
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Fire Expccure

Time, min Sarmple No. Observaticns

26 iN A drv retzcn rad was placed neir <he
hose port - the pad had scme nciszure
deposited on it.

Y 30 1IN The latch was lcosing more ercacement.
-

32 1IN Loud report frem the door.

35 N The north cdoor was discolcring reors
] -
b rapidly +than the scuth door in
: Test YMo. 1.

35 25 A dry cctteon pad was placec near <he
{ top latch corner of the dccr - 4hare
b was no change in the pad.
3

36 21 A dry cottcen pad was placew nezr —hz
top center ¢t the dcor - the :
became heavily discclored.

o .

: 40 1s,1n Interrmittent .

3 frerm the Iur -

b and the ecdge ¢f the deccr, in =zhs2
area above the

40 1s, 1N Drv cottecn cza r the

! areas where = I -
b the rads Lecam
b

40 2N The f{rame was i

the area of th
b . _ .
b 40 2S The tcp ninge ccorner of the Jccr
t hegan becwing awav frem the stoc.

41 1IN The charred paint was flakine ci: <he
door.

42 1N, 1s Steam was issuinrc frem the Jdccrs.

35 25 Dry cocttcn pads were placed rear +ihe
hose port and rear the odce cf the
deoor akcve the latch - hcoth vails
sligchtly discolored.

5-16
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Fire Exposurc

Time, ™mir Samcle No. Chserrations

£3 ZN A dry cctten pad was placsou noar
the edge o©% the door abcve rhe
latch - the surface c¢? the rad
becare heawi'ly charred.

55 1S A dry cotton pad was placed near
the edge of the dcor above the

W
U

60-1/2

[
wn

~
a
r
<3

25,

)
=

latch - the surface oi +he

became heavily charred.

cad

A Crv cotton rvad vas vlaces noor
the »2dge <f the dccr akove the
latch. While the pad was ir
positicon a flame flicred “rem the
joint between the deocr and thne
frare ard iagnrnited the oad.

After the last veadina oI <r-
unexrpesed lnstrunentat: 2
furrace was turrnca ot -
samples subktec+cd to

strcam test.

After the last reacdinc the
urexpesed Iinstrumenta . the
furnace was turned oI and Tiho

samples subiected to tho hcse
t&

cest.
nace

stream

Prior *o :zhu
the £u -

ctf, an =z

made to place a cotton pad 1n

front of an crered hcsze wert., The

attempt was aborted when the 28

door hese tert could rnot he Thr-o
T . 1

the accemi

the rost

-

apen because of
distertion &

urin
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METHCD

Immediateliy after the 60 min fire exposures, the assemblies
were withdrawn from the furnace and subiected to the impact and
cooling effects of the 30 psi (207 kPa) hose stream for 18 s, per
door/ trame assembly, as specified in the Test Standard for a
60 min fire exposure.

RESULTS

During the application of the hose stream the door kowed ocut
and normal amounts of water passed between the frame and +he
door.

The hardware held the door closed in accorcdance with the
cornditions of acceptance for an exposure period of 1 h. The
latch bolts cn the 1S and 2N doors were completely bent cver and
were not engaged in their strikes. The latch bolt on the IN dceor
increased its encagement from that of the fire test. The latch
bolt of the 2S5 door remained projected and was irntact aft
test. The hardware was nct operable after *est.

A e

The test assemblies withstood the hose stream *test wi<hcut
developing openings anvwhere through the assembly.

The door assemblies remained in their cpening durinc the
hose stream test.

The movement of the four swinging docrs resulted in the
latch edge on door 1S to move from its original positien in a
direction perpendicular to the plane cf the dceor a maximum of
1-1/4 in. (31.8 mm) above the latch locaticr as a result of the
hose stream test.

The door frames remained securely ftastened %c the bulkheads
or 211 s1des and did not permit through openinas betweceen frame
and docr, cor between frame and bulkhead.

The aprearance of the exposed and unexposed <“aces after the
fire and hcse stream exposure tests for Test No. ! is sbown on
ILLS. 7 and for Test No. 2 by ILLS. 13 and 14.

B-13
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fa SUMMARY
? ———————
r FIRE RPETARDANT PROPERTIES:
B0
o : . )
There was no flaming on the unexposed surface of a door
assemblies 2S5 and 2N during the fire exposure pericd.
I'
S After 20 min, some intermittent light flames (nct e:ceeding
) - 6 in. (152 mm) 1long), for periods not exceedinag 5 min intervals,
o did occur along the edges of 1S and 1IN doors.
Tre hardware held the doors closed in accordance with the
;: ccnditicns of acceptance for the entire fire exposure cterica.
: The latch bolt on the dcors IN, 2S5 and 2N only, remained enczaced
K- in their strikes and were intact after the test.
!
e .
- The test assemblies withstocd the fire endurance tsst,
N without developing openings anywhere through the acsemibl-.
!.
N The door assemblies remained in the opening cduring the Ilre
d endurance tests.
The movement of the swinging doors did ncot result in zan
N pertion of the edges to move from their origirnal zcsiticn =
e than the thickness of the docr during the entire fire exccsu
o period.
b
N T
- he three inswinging doors separated more than 1/2 inch
(12.7 mm) at the latch location.
X The door €frames remained securely fastened to the tulkhoads
" on all sides and no through openings develored Lketween the <rame
. ard door, or between the frame and bulkhead.
HCSE STR2EAM RESISTANCE:
- The hariware held the docr closed in accordarce with %he
- conditicns of acceptance for the entire hose stream exgosure
. pericd. The latch bolt on doors 1IN and 2S, orly, remained
encaged in thelr strikes and were intact after the test.
2 Each test assembly withstood the hose stream tes%t, withcut
’j developing openings anywhere through the assembly.
» Every docr assenmtly remained in the cpening during the
‘ hose-stream test.
>
;
"
o
R - ‘1 9
* -— - - A B per -t vs ., Ay sarat® s an s S . . -« e - B LA S R PR R e RN Y T . e -
N ',;._.. TR T I I Oy TN .\.
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. The three inswinging doors continue
inch (12.7 mm)

location.

: O S d to be more than 1/2
from their original position at the latch

The movement of the swincing doors did not result in anv

: portion of the edges adjacent to the door frame moving from their
original position in a direction perpendicular to the plane cf
the dcor more than 2-7/8 in. (73.0 mm) during the hose strean
test.

Pl LIPS )

Pl e R )

Each door frame remained securely fastened to the bulkhead
on all sides and did not permit through openings between the
frame and door, or between the frame and bulkhead.
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File USNC 142 Appendix A Page 1 Issued: 11-3-86
A PPENDTIZX A
GENERAL:
This appendix contains the correlated temperature, heat flux
and pressure data obtained during the fire tests conducted on

October 7 and 8, 1986.

THERMOCOUPLE LOCATIONS:

The thermocouple locations on the unexposed face of each
assembly are shown on ILL. 17, and correspond to the shown
channel numbers on the following data charts.

The location of the special furnace thermocouple grid is
shown on ILL. 15

OTHER INSTRUMENTATION:

The location of the pressure taps, radiometers, and
calorimeters is shown on ILL, 17.




FILE USNC142

SAMPLE

CHAN(NOS.)

T IME
0:10
. 5:10
10:10
35:10
20:10
25:10
30:10
35:10
40:10
45:10
S0:10
25:10

60:10

APPENDIX A

PAGE 2

United States Coast Guard

s o = a s & @8 9 & & s
COOC OO OOCOO0OOO0O

[N oNoNeoRoNoNeNolNeoNoRoNool

NOTE:
Channels 1,
a hose port.

. - . .< - .. .
“tatat
LRV

Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temper ature lleqrees F

1IN
1

69.5
84.8
187.2
308.0
411.8
503.5
383.1
4435.Y
445.9
467 .6
390.4
3504.4
506.0

UNEXPOSED SURFACE TEMPERATURLE

Temperatures were not measurcd on door
3 and 4 since

S T

A P AN A T
L YNV IP . P IP,

HOSE DPORTS

e}

tJ
-—2Z

76.5
8l.6
120.5
179.4
231.3
308.5
348.6
407.8
419.2
435.5
439.8
477 .9
473.3
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

SAMPLE 1S 1N 28
CHAN(NOS.) 2 2 2
TIME

. 0:10 0.0 69.1 76.8
5:10 0.0 82.4 78.5
10:10 0.0 237.6 209.8
15210 0.0 6GY90.5 370.3
20210 0.0 333.0 489.0
25:10 0.0 166.2 593.2
30:10 0.0 540.4 60T
33:10 0.0 531.06 718.3
40:10 0.0 6635.0 734.0
45:10 0.0 719.5 723.9
50:10 0.0 789.1 733.1
55:10 0.0 771.06 764.2
60:10 0.0 748.0 708.3

UNEXPOSED SURFACE TEMPERATURES - HOSE PORTS

Temperature [leqrees I

11-3-86

tJ
ta Z

77.7

89.3
133.6
246.3
334.0
403.4
160.4
499.7
H21.2
521.2
3.1

. 7

[ NG|

W W
G

C.

=) -

N
-

i

W g AR
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i FILE USNC142 APPENDIX A PAGE 4 ISSUED: 11-3-86

LY
i
: United States Coast Guard
Bulkhead Door Tests
v 86NK24389/USNC142
10-7-86 and 10-8-86
v
. Temper ature leqrees 7
b SAMPLE 15 1N 25 2N
: CHAN(NOS.) 3 3 2 3
- TIME
N g 0:10 0.0 69.8 75.9 77.G i
$5:10 0.0 80.0 84.4 91.4
10:10 0.0 170.4 170.7 152.¢
15:10 0.0 331.2 267 .4 229.7
20210 0.0 o911 .4 3954 .4 968.1
- 25:10 0.0 324.4 431.8 550.2
4 30:10 0.0 157 .06 52902 592.3
-4 35:10 0.0 460.3 570.1 708.0
40:10 0.0 492.7 $93.6 725.9
45:10 0.0 509.1 6G03.9 742,97
Z0:10 0.0 5805.4 H10.0 787 .05
55:10 0.0 6G10.4 517.2 7640
50210 0.0 ~33.7 R SN T37..
-
N
\,
’
A UNEXPOSED SURFACE TEMPERATURES - HOSE PORTS
-
'
o
P2
S
'
H

~

NP P, PN S ‘.A}...J
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temperature [leqrees [
SAMPLE 15 1IN 25 N
CHAN(NOS.) 4 4 4 .
TIME
0:10 0.0 71.7 74.7 76.5
3:10 0.0 86.0 83.0 81.2
10:10 0.0 139.2 140.3 121.0
5:10 0.0 223.4 228.7 188.0
20:10 0.0 281.0 317.0 25004
25:10 0.0 321.3 A12.0 306. .
30:10 0.0 36044 473093 29T
33:10 0.0 382.0 533.5 32600
40:10 0.0 41641 G91.9 405 .5
45:10 0.0 427 .5 57309 20,
50:110 Q.0 496.1 S68.Y 427
05:10 0.0 A45¢.0¢ S978.06 440,
60:10 0.0 473209 83,0 =t

UNEXPOSED SURFACE TEMPERATURES - HOSE PORTS
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FILE USNC142

SAMPLE
CHAN(NDS )
T IME
- 0:10
5:10
10:10
15:10
20:10
25:10
30:10
35:10
40:10
45:10
50:10
35:10

60:10

APPENDIX A

United States Coast Guard
Bulkhead Door Tests

PAGE 6

86NK24389/USNC142

10-7-86 and 10-8-86

|4 47}

68.0
74.7
116.7
189.90
245.9
292.2
340.4
371.9
401.7
413.1
435.2
457 .3
470.6

Temperature Deqrees F

1N

5

68.6

72.3
116.9
195.
293.1
401.0
478.6
542.3
558.1
587.8
618.6
628.59
669.Y

UNEXPOSED SURFACE TEMPERATURES - FRAME

ISSUED:

-~
¥
]

74.5

77.0
149.1
179.3
245.2
211.5
356.6
601.4
672.4
704.7
7853.9
743.6
“hlal

76.3

79.9
120.0
186.6
2531.9
322.3
377.9
403.8
427.0
439.7
44G.3
455.0

486..
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. FILE USNC142 APPENDIX A PAGE 7 ISSUED: 11-3-86
“
e;ﬁ‘
N United States Coast Guard

Bulkhead Door Tests
e 86NK24389/USNC142
A 10-7-86 and 10-8-86
\ )
X
-
n
i Temperature [eqrees F
"
e SAMPLE 1S 1N 25 2N
A CHAN(NOS.) 6 6 6 6
i T IME
I . 0:10 68.7 72.2 81.1 96.2
* S:10 119.7 153.1 182.0 163.7
. 10:10 232.9 318.4 167.2 465.7
. 15:10 362.5 524.1 224.6 659.3
.' 20110 536.6 668.6 277.3 833.4
by 25:10 602.6 743.8 292, 4 863.0
W 30:10 639.4 795.1 311.8 909.6
R 35:10 666.0 830.1 330.5 931.5
e 40:10 673.1 851.1 340.2 956.5
5 45:10 689.1 863.9 350.9 968.5
" 50210 731.5 901.7 356.1 1000.6
d 55:10 732.5 908.7 363.7 1021.4
', 60210 756.5 932.6 268.7 1047.5
k)
‘ .
s -
e
5
;
N UNEXPOSED SURFACE TEMPERATURES - FRAME
9
&
e
‘s
A
)
L
o
3y
4
]
n
p
\
Y] .

B-50
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=

T T

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

T
- -

5
. {:
W
' Temperature Deqrees F
0 SAMFLE 15 1N 25 2N
% CHAN (NOS.) 7 7 2 =
" TIME
\ . 0:10 72.8 75.2 76.8 90.0
5:10 178.8 193.4 108.2 369.1
v 10:10 280.9 293.0 284.6 465.3
K 15:10 370.% 423.0 377.0 580.3
Ry 20:10 438.0 449.5 3436.8 675.
P 25:10 451.4 166.9 486.2 753. 1
o 30:10 470.6 487.6 522.4 7HS.7
* 35:10 499 .4 514.9 570.9 817.%
" 40:10 511.3 513.4 597.6 826.2
y 45210 532.0 $30.0 615.2 841.8
) 50210 545.5 512.9 628.5 862.1
: 55:10 560.1 495.9 636.9 875.4
. 60:10 568.6 521.2 6G44.6 884.5
B
1)
)
'!
[)
[}
.'
4
*
X UNEXPOSED SURFACE TEMPERATURES - FRAME
L]
"
N
¢
;.)
4
L)
L}
i\
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United States Coast Guard
Bulkhead Door Tests
, 86NK24389/USNC142
10-7-86 and 10-8-86

Temperature [eqrees F

SAMPLE 1s 1N 25 2N

' CHAN(NOS.) 8 8 g 8

& T IME

. . 0:10 70.7 71.2 75.1 80.7
5:10 286.4 187.9 95.5 198.2
10:10 726.5 428.5 214.4 541.5
15:10 964.6 828.9 378.7 783.7
20:10 1032.3 885.8 164.3 929.4
25:10 1047.0 871.6 532.9 1002.8
30:10 1080.0 891.9 570.8 1019.9
35:10 1084.0 860.1 606.3 1046.2

. 40:10 1112.6 887.4 A19.7 1050.4

A 5:10 1142.3 889.7 641.3 1037.7

. 50:10 1157.5 920.1 6952.3 1045.8

. 55:10 1160.7 933.8 664.7 1055.0

. 60:10 1182.8 971.1 G80.5 1071.7

: UNEXPOSED SURFACE TEMPERATURE - FRAME

d

4

o

A

‘s

[}

.

‘t

1 B-52
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r'

0 United States Coast Guard

i Bulkhead Door Tests

\ 86NK24389/USNC142

i 10-7-86 and 10-8-86

N

18

A

‘.'(

. Temperature lleqrees I

§ _ SAMPLE 15 1N 25 2N

d CHAN(NOS.) 9 9 9 D)

’ T IME

- . 0:10 74.4 78.2 85.3 81.2

b $:10 79.7 88.9 153.6 86.1
10:10 110.3 142.0 217.6 136.4
15:10 201.6 321.4 304.5% 247 .3
20:10 291.1 319.7 3952 371,20

N 2%5:10 370.6 451.7 A51 .4 469.0

. 30:10 429.0 515.1 395 .,9 575.4
35:10 464.2 537.9 542.1 607.2

. 40:10 482.6 557 .7 577.1 630.0
45:10 497 .4 568.6 603.0 643.5

" 50:10 514.9 §77.5 % ,.o 652.3

. 55:10 533.06 588.5 633. 662.9

- 60:10 552.3 611.0 655.3 6709

’ .

)

P

¢

i

!

o UNEXPOSED SURFACE TEMPERATURES - DOOR

. I3

3

o

§

P

‘D

4

)
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United States Coast Guard
Bulkhead Door Tests

y 86NK24389/USNC142
! 10-7-86 and 10-8-86

Temperature [Neqrees F

& SAMPLE 18 1N 23 2N
} CHAN(NOS.) 10 10 10 10
TIME
i * 0:10 147.3 159.1 120.6 131.2
5:10 626.2 636.0 604.3 641.6
2 10:10 1022.1 1112.9 1047.3 1142.8
K 15:10 1117.8 1250.1 1133.5 1251.3
b, 20:10 1169.0 1313.8 1151.7 13023.2
N 23:10 1200.0 1342.9 1213.5 1360...
: 30:10 1249.3 1399.9 1270.1 1399.3
35:10 1253.2 1406.1 1322.3 1450.0
" 40:10 1270.4 1413.8 1344.1 1475.3
X 45:10 1298.0 1441.2 1373.3 1498.9
. 50:10 1336.0 1458.7 1393.9 1921.2
59:10 1355.4 1523.7 1422.9 154%5.9
60:190 1398.3 15%4.0 1452.9 Ls81.9
D
¢
s
)
%
;
: EXPOSED SURFACE TEMPERATURES - DOOR
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temperature [leqrees F

SAMPLE 18 1IN 258 2N
CHAN(NOS.) 11 11 11 11
T IME
0:10 74.8 75.0 77.3 79.8
3:10 80.3 8l.6 80.4 83.3
10:10 117.8 124.1 110.0 129.1
15:10 311.6 265.0 330.7 280.4
20:10 446.2 391.2 433.1 4838.4
25:10 561.6 496.7 ll. 6l16.2
30:10 622.0 551.7 601.1 (83.3
35:10 657.9 603.3 665.0 720.9
40:10 680.2 620.4 702.5 7H1.1
45:10 700.4 632.9 731.4 793014
50:10 737.3 656.4 753.2 325.3
35:10 750.2 682.2 770.1 863.2
60:10 784.0 723.7 792.0 J0G 4

UNEXPOSED SURFACE TEMPERATURES - DOOR




FILE USNC142

SAMPLE
CHAN(NOS.)
T IME
0:10
5:10
10210
15210
20:10
25210
30:10
35:10
40:10
45:10
50110
55:10

50510

APPENDIX A

United States
Bulkhead Door Tests
B6NK24389/USNC142
10-7-86 and 10-8-86

142.4

613.7
1080.2
1196.8
1254.4
1308.9
1340.7
1348.8
1365.1
1394.2
1423.9
1437.5
1488.9

PAGE

13

-oast Guard

Temper ature

1N
13

152.6
733.7
1122.0

1253.0

1312.C
1346.0
1397.5
1403.0
1413.7
1439.3
1459.6
1517.

1545.3

EXPOSED SURFACE TEMPERATURES - DOOR

...........

B-56
AN Al A > - s G- d—h
LTI T e T T L P S S T
: AT AT ST S

-~

KA

N gt AU RCURY RN 4 ] 4

ISSUED: 11-3-86

[leqrees F

— 1)
t3

107.4
581.2
1095.2
1178.3
1217.0
1271 .4
1318.5
1371.1
1288.3
1417.7
1436.3
1463.4
1498.9

126.3
642.¢
1144.7
1265.2
£1321.5
1373.1
1415.4
1464.3
1491 .4
1510,
1535.
15353.
1392,

-

P = N
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o FILE USNC142 APPENDIX A PAGE 14 ISSUED: 11-3-86

o United Staces Coast Guard

Bulkhead Door Tests

W 86NK24389/USNC142

o 10-7-86 and 10-8-86

b

4y

o

ﬁ_‘i

Temperature leqgrees F

X0

A SAMPLE 1S 1IN 25 2N

) CHAN(NOS.) 13 13 13 13

R T IME

- 0:10 73.7 74.5 76.4 78.5
5:10 76.8 78.6 78.1 80.2
10:10 92.3 104.7 101.1 101.5
15:10 223.2 208.4 198.4 187.9
20:10 233.2 322.2 314.0 294.7
25310 410.5 118.8 425.7 283.6
30:10 479.4 483.1 S46.5 142.9

N 35:10 517 .9 527.1 623.0 475.3

o 40:10 539, 1 545, 5 675 .4 494.5

! 45:10 552.1 S554.3 704.3 506.6

b 50210 65,6 565 .3 725.8 515,05

B 55:10 575 .0 573.9 746.8 S21.:

" 60:10 584.7 586 .9 73,9 525.5

l::

<

."

o

o

‘|

R UNEXPOSED SURFACE TEMPERATURES - DOOR
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FILE USNC142

SAMPLE
CHAN(NOS .)
T IME
0:10
3:10
10:10
15:10
20:10
25:10
30:10
35:10
40:10
45:10
50:10
935210
60:10

APPENDIX A PAGE

United States Coast Guard

Bulkhead Door Tests
B6NK24389/USNC142
10-7-86 and 10-8-86

Temper

15 IN

14 14
140.4 145.7
$94.1 664.6
1117.1 1131.7
1251.4 1281.4
1331.4 1347.2
1400.3 1392.8
1433.3 1444.4
1448.1 1453.9
1468.2 1468.7
1500.1 1499.9
1530.3 1520.2
1530.6 1571.3
1592.6 1599.0

EXPOSED SURFACE TEMPERATURES

15 ISSUED: 11-3-86

atuyre leqrees F
25 2N
14 14
107.3 128.1
992.9 651.7
1103.8 1187.2
1194.1 1288.3
1265.08 1355.9
1320.4 1411.7
1371.0 1442.Y
1426.7 1493.4
1439.2 1517.9
1461.7 1539.0
1484.0 1359.6
1510.8 1588.7
1546.5 1624.43
- DOOR
el it ——
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United States Coast Guard
Bulkhead Door Tests

. 86NK24389/USNC142
10-7-86 and 10-8-86

Temperature lDegrees F

)
v SAMPLE 18 IN 2 2N
g CHAN(NOS.) 15 15 15 15
ﬁ‘ T IME
K . 0:10 0.0 0.0 0.0 72.4
5:10 0.0 0.0 0.0 73.5
10:10 0.0 0.0 0.0 80.4
= 15210 0.0 0.0 0.0 97.2
’“ 20:10 0.0 0.0 0.0 116.8
B 232310 0.0 0.0 0.0 136.1
' 30:10 0.0 0.0 0.0 155.4
- 35:10 0.0 0.0 0.0 182.9
W 40:10 0.0 0.0 0.0 208.3
» 45:10 0.0 0.0 0.0 229.5
;§ 50:10 0.0 0.0 0.0 246.8
" 55:10 0.0 0.0 0.0 260.7
: 60:10 0.0 0.0 0.0 271.5
N
*y
N,
LY
‘.
| .’\
4';,
'j UNEXPOSED SURFACE TEMPERATURES - BULKHEAD PANEL
N
Note: On the following pages data for

several channels per door is not

available due to an instrumentation

problem.
o
n
%
Moy
iy
"ﬂ
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4
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temperature leqrees F

SAMPLE 15 1N 28 2N
CHAN(NOS.) 16 16 16 16
TIME

¢ 0:10 0.0 0.0 0.0 72.1
3:10 0.0 0.0 0.0 72.8
10:10 0.0 0.0 0.0 77.9
15:10 0.0 0.0 0.0 92.2
20:10 0.0 0.0 0.0 112.6
25:10 0.0 0.0 0.0 138.2
30:10 0.0 0.0 0.0 164.6
35:10 0.0 c.0 0.0 196.8
40:10 0.0 0.0 0.0 224.3
45:10 0.0 0.0 0.0 247.5
50:10 0.0 0.0 0.0 265.7
55:10 0.0 0.0 0.0 279.8
60:10 0.0 0.0 0.0 290.2

UNEXPOSED SURFACE TEMPERATURES - BULKHEAD PANEL
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temperature [leqrees F

{ SAMFPLE 1S 1N 25 2N
3 CHAN(NOS.) 17 17 17 17
L T IME
. 0:10 0.0 0.0 0.0 71.5
:10 0.0 0.0 0.0 71.9
10:10 0.0 0.0 0.0 75.0
15:10 0.0 0.0 0.0 85.3
20:10 0.0 0.0 0.0 101.1
25:10 0.0 0.0 0.0 121.3
30:10 0.0 0.0 0.0 146.7
35:10 0.0 0.0 0.0 177.3
40:10 0.0 0.0 0.0 208.6
4%5:10 0.0 0.0 0.0 235.2
50110 0.0 0.0 0.0 257.4
£5:10 0.0 0.0 0.0 274.5
60310 0.0 0.0 0.0 85,6
UNEXPOSED SURFACE TEMPERATURES - BULKHEAD PANEL
o
E;
N
.'\
]
;
!
)
]
Y,
J B-61
" £ .
:§ - — s e St SR e o i e e .. -_”’&w et - .. J




. * LW FRIR e ¥y &,
A T A% oy AN a0 giaiat gty A0 B ks 270 @' BVa s 15 8% 48 £%0 0 2 4 882 8 2.0 5ah ‘Rad Bt Lo hat et 4ot 8.8 02" #a® 02" s! IO" " 12" vty r LA

FILE USNC142 APPENDIX A PAGE 19 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142 '
10-7-86 and 10-8-86 )

Temperature [eqrees F

SAMPLE 18 1N 258 2N -

CHAN(NOS.) 18 18 18 18 )

T IME '
- 0:10 0.0 226.8 0.0 199.3
5:10 0.0 919.3 0.0 886.0

10:10 0.0 1249.2 0.0 1227.9 K

15:10 0.0 1337.8 0.0 1308.7 Y
20:10 0.0 1349.5 0.0 1342.0
28:10 0.0 1381.3 0.0 1353.3
30:10 0.0 1422.9 0.0 1373.0
33:10 0.0 1405.0 0.0 1439.2
40:10 0.0 1415.3 0.0 1459.5
45:10 0.0 1444.3 0.0 1472.8
50:10 0.0 1438.7 0.0 1497.1
595:10 0.0 1524.4 0.0 1516.6
60:10 0.0 1346.7 0.0 1539.7

;

Rt

FURNACE TEMPERATURES .

-

¢

v \l

[t

.

o

"

B-62
- e ' ® )
—— ot e Nttt Bt - et I ottt it

L I N Oy R i e Y T e I T N N A g 2t T A A D N L e Tt N L A QS




by Ayt

R

T - -

W )

-
PN

ST, vy, ZelZ Tt = A R ot

[} l“l’l‘ Cud

o

N\ A Y

SAMPLE 19 1IN 25 2N
CHAN(NOS. 19 19 19 19
T IME
® 0:10 0.0 225.9 0.0 198.8
9:10 0.0 980.6 0.0 942.5
10:10 0.0 1312.2 0.0 1335.1
5:10 0.0 1375.7 0.0 1387.2
20:10 0.0 1400.7 0.0 1400.4
25:10 0.0 1438.9 0.0 1396.3
30:10 0.0 1484.7 0.0 1407.8
5:10 0.0 1452.5 0.0 1497.7
40:10 0.0 1469.9 0.0 1509.9
45:10 0.0 1495.2 0.0 1517.9
50:10 0.0 1494.8 0.0 1538.9
95110 0.0 1575.7 0.0 155
60:10 0.0 1604.2 0.0 1579,
FURNACE TEMPERATURES
B-63
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temperature Deaqrees ¥
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

! Temperature Deqrees T

SAMPLE 18 1N 28 2N
: CHAN(NOS.) 20 20 20 20
} T IME
! . 0:10 0.0 214.8 0.0 185.7
5:10 0.0 925.2 0.0 882.0
10:10 0.0 1250.3 0.0 1260.0
! 15:10 0.0 1306.0 0.0 1312.3
‘ 20:10 0.0 1330.1 0.0 1344.0
25:10 0.0 1369.9 0.0 1337.4
30:10 0.0 1425.4 0.0 13523.3
35:10 0.0 1398.1 0.0 1435.1
40:10 0.0 1415.9 0.0 1452.5
45:10 0.0 1441.2 0.0 1464.8
50:10 0.0 1948.0 0.0 1488.2
£5:10 0.0 £523.9 0.0 1506. 1
50210 0.0 1556.4 0.0 1531, °

FURNACE TEMPERATURES
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United States Coast Guard
Bulkhead Door Tests

' 86NK24389/USNC142
> 10-7-86 and 10-8-86
]

Tempersture [legqrees F

4 SAMPLE 15 1N 28 2N

K CHAN(NDS.) 21 21 21 21

o TIME

' y 0:10 0.0 219.5 0.0 168.5
5:10 0.0 902.4 0.0 872.9

A\ 10:10 0.0 1327.3 0.0 1259.4

" 15:10 0.0 1364.1 0.0 1314.1

3 20:10 0.0 1413.6 0.0 1287.7
25:10 0.0 1463.2 0.0 1417.5

: 30:10 0.0 1514.5 0.9 1408.1
35:10 0.0 1491.3 0.0 1514.1

A 40:10 0.0 1507.0 0.0 529.4

- 45110 0.0 1530.. 0.0 1546.3

2 50:10 0.0 1553.3 0.0 1544.9

: 55:10 0.0 1595.0 0.0 1554.8

. 60:10 0.0 1628.8 9.0 1593.0

"

g

N

. FURNACE TEMPERATURES
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United States Coast Guard
Bulkhead Door Tests
B86NK24389/USNC142
10-7-86 and 10-8-86

\
|
Temperature [leqrees I

SAMPLE 18 1IN 2S 2N
CHAN(NOS.) 22 22 a2 22
T IME

° 0:10 0.0 220.6 0.0 174.3
5:10 0.0 1063.1 0.0 1006.1
10:10 0.0 1441.3 0.0 1402.6
15:10 0.0 1448.5 0.0 1416.8
20:10 0.0 1498.8 0.0 1471.3
23110 0.0 1543.6 0.0 1467.8
30:10 0.0 1599.4 0.0 1449.7
35:10 0.0 18555.6 0.0 1568.2
40:10 0.0 1578.2 0.0 1573.06
45:10 0.0 1597.1 0.0 1587 .1
50:10 0.0 1616.6 0.0 1580.4
55:10 0.0 1632.0 0.0 1583.2
60:10 0.0 1695.3 0.0 Lal17.9

FURNACE TEMPERATURES
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United States Coast Guard
Bulkhead Door Tests
B6NK24389/USNC142
10-7-86 and 10-8-86

Temperature [eqrees

SAMPLE 14 1IN =5

CHAN(NUOS.) 23 23 23

T IME

0:10 0.0 191.6 0.0
5:10 0.0 1130.6 0.0
10:10 0.0 1413.9 0.0
15:10 0.0 1408.9 ¢G.0
20:10 0.0 1467.6 V.0
25:10 0.0 1510.7 0.0
30:10 0.0 1577.2 0.V
35:10 0.0 1531.6 0.0
40:10 0.0 1963.4 0.0
45:10 0.0 1584.9 0.0
50210 0.0 1599.7 0.0
95:10 0.0 1632.9 V.0
60:10 0.0 1680.4 0.0

FURNACE TEMPERATURES

E

Ll it g AR A AR R L0 &0t 8

11-3-86

140.0
1011.u
1384.0
1402.3
1437 .3
1418.7
1419.3
1325.0
1534.7
1549.48
1549.0
1560.4
1S591.0
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'
f United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
L 10-7-86 and 10-8-86
‘ Temperature [leqrees [
SAMPLE 1S 1N 28 o
CHAN(NOS.) 24 24 24 24
TIME
. 0:10 0.0 212. 0.0 175.1
' S5:10 0.0 829.3 0.0 827.4
10:10 0.0 1302.90 9.0 1240.7
. 5:10 0.0 1376.5 9.0 131%.6
K 20:10 0.9 1450.0 0.0 1437.1
. 25:10 0.0 1503.. 0.0 149 7.5
30:190 0.0 1551.7 .0 1473.0
35:10 0.0 15328.7 0.0 1995.3
. 40:10 0.0 1957.5 (VY 572.3
45:10 0.0 1886.0 0.0 1584.4
50:10 0.0 t611.5 D IAV) 1587 .7
'J 595110 0.0 1634.¢ U.0 1597.1
” H0:10 Q.0 17304 hai) tolo.
'
FURNACE TEMPERATURES
4
d
N
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2
y
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temper sture [leqrees [

) SAMELE 15 IN 25 ZN
g CHAN (NOS.) g =6 29 25
T IME
. 0:10 0.0 211.6 0.0 187.0
5:10 0.0 1005.0 0.0 1005.9
’ 10:10 0.0 1437.2 DIV 13772.73
: 15:10 0.0 1481.6 9.0 1430.3
: 201w 9.0 1552.2 Do 1532.4
% 25:10 0.0 1601.0 V.0 1558.2
v 30:10 0.0 1643.¢ 3.0 (921.0
35:10 0.0 1621.3 0.0 1603.9
40:10 0.0 1644.0 0.0 1624.06
: 45:10 0.0 1666.6 V.0 1635.2
2 50110 0.0 1685.1 0.0 1622.0
55:10 0.0 1707.0 V.0 1632.06
50210 0.0 1746..2 0.V 1640, o

FURNACE TEMPERATURES
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86
Temperature [eqrees ¥
SAMFPLE 16 1N 2 =N
CHAN(NOS.) 26 26 2 o6
T IME
® 0:10 0.0 172.3 0.0 134.2
$:10 0.0 1154.1 0.0 862.2
10:10 0.0 1422.1 0.0 1363.3
15:10 0.0 1458.7 0.0 1427 .6
20:10 Q0.0 1529.3 Q.0 150G.0
23:10 0.0 1561.6 J.0 148v ..
30:10 0.0 1624.3 0.0 148G.4
35:10 0.0 1597.7 0.0 1563.3
40:10 0.0 1635.9 0.0 15935.9
45:10 0.0 1656.0 0.0 1602.0
50:10 0.0 167%.4 0.0 1594, 4
99310 0.0 1702.9 0.0 1606.3
00:10 VIV 1L744.2 J.0) io33.3
FURNACE TEMPERATURES
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g FILE USNC142 APPENDIX A PAGE 28 ISSUED: 11l- 3-86
- CORRECTED: 1-29-87

0y United States Coast Guard
2 Bulkhead Door Tests
B86NK24389/USNC142

| 10-7-86 and 10-8-86

R ) Millimeters of Mercury
&
o SAMFLE 18 1IN 29 2N
CHANC(NOS.) P2% pP2* E2* p2*
} TIME
¢ 0:10 0.0000 0.0512 0.0000 0.0236
- 5:10 0.0000 0.0762 0.0000 0.0692
o 10310 0.0000 0.0937 0.0000 0.0915
£ 15:10 0.0000 0.1188 0.0000 0.1014
L » 20:10 0.0000 0.0988 0.0000 0.1023
25:10 0.0000 0.0763 0.0000 ¢G.1131
‘ 30:10 0.0000 0.0882 0.0000 0.1038
i 35:10 0.0000 0.0908 0.0000 0.0866
o 40:10 0.0000 0.0901 0.0000 0.0895
v 45:10 0.0000 0.0893 0.0020 0.0967
50:10 0.0000 0.0886 0.0000 0.0949
59:10 6.0000 0.0865 0.0000 0.09635

[~ 60:10 0.0000 0.0936 0.0000 0.1015

FURNACE FRESSURE
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Millimeters of Mercury
SAMPLE 18 1IN

25
CHAN(NOS.) F1* P1* P1*
T IME
0:10 0.0000 -0.0046 0.0000
5:10 0.0000 -0.0317 0.0000
10:10 0.0000 -0.0059 0.0000
15:10 0.0000 0.0019 0.0000
20:10 0.0000 -0.0110 0.0000
25:10 0.0000 -0.0305 0.0000
30:10 0.0000 -0.0140 0.0000
35:10 0.0000 -0.0028 0.0000
40:10 0.0000 -0.0009 0.0000
45:10 0.0000 0.0020 0.0020
50:10 0.0000 -0.0084 0.0000
55:10 0.0000 -0.0013 0.0000
60210 0.0000 0.0046 0.0000

FURNACE FPRESSURE

11- 3-86
1-29-87

2N
F1*

-0.0046
-0.0277
-0.0132
~0.0152
0.0119
0.0222 |
0.0063
-0.0060
-0.0054
0.0036
-0.0017
-0.0023
0.0137
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CORRECTED
United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86
BTU/sq ft
SAMPLE 1§ 1N 28
CHAN(NOS.) Kl Rl k1l

TIME
0:10 0.0000 0.1254 0.0000
5:10 0.0000 0.9131 0.0000
10:10 0.0000 2.0401 0.0000
15:10 0.0000 2.3700 0.0000
20:10 0.0000 3.18%2 0.0000
25:10 0.0000 3.7272 0.0000
30:10 0.0000 4.2993 0.0000
35:10 0.0000 4,.3380 0.0000
40:10 0.0000 4.3491 0.0000
4%5:10 0.0000 4.6352 0.0000
50:10 0.0000 4.8886 0.0000
55:10 0.0000 5.0449 0.0000
60210 0.0000 5.3885 0.0000

FLUX MEASUREMENTS

.......

11- 3-86
1-29-87

2N
k1l

-0.1484
2.3235
4.3057
4.7976
5.8894
6.4830
6.2137
6.9048
7.2313
7.7083
7.4539
7.6892
8.1599
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United States Coast Guard
Bulkhead Door Tests
B6NK24389/USNC142
10-7-86 and 10-8-86

“abadalorah b

ISSUED:

ETU/sq 1t

SAMPLE 18 1IN
CHAN(NOS.) K2 k2
TIME
0:10 0.0000 0.0272
s5:10 0.0000 0.3950
10:10 0.0000 2.9782
15:10 0.0000 3.8895
20:10 0.0000 4.882%2
25110 0.0000 5.4319
30:10 0.0000 6.7340
35:10 0.0000 6.5166
40:10 0.0000 6.6671
45:10 0.0000 6.6325
350:10 0.0000 7.1269
35:10 0.0000 7.4947
50:10 0.9000 7.8459

FLUX MEASUREMENTS

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
2.0000Q

11-3-86

0
0
Q
1
1

1.

2N
K2

0077
.1329
.7791
..B868
<5098
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) United States Coast Guard
y Bulkhead Door Tests

& B6NK24389/USNC142

Y 10-7-86 and 10-8-86

ETU/sq It

SAMPLE 18 1N 25 2N
CHAN(NOS.) k3 K3 R3 k3
TIME
0:10 0.0000 0.1548 0.0000 0.6563
5:10 0.0000 1.8338 0.0000 2.3802
) 10210 0.0000 3.6019 0.0000 3.9187
- 15210 0.0000 4.0513 0.0000 4.8216
. 20:10 0.0000 4.6958 0.0000 5.3295
23110 0.0000 4.9354 0.0000 5.2229
; 30:10 0.0000 3.7367 0.0000 6.2993
g 35:10 0.0000 5.5332 0.0000 7.5762
40:10 0.0000 5.8215 0.0000 7.024%G
45:10 0.0000 6.2222 0.0000 7.5156
30:10 0.0000 6.4596 0.0000 ?.7476
95:10 0.0000 6.7776 0.0000 8.5376
60:10 0.0000 7.1168 0.0000 8.7090
N
FLUX MEASUKREMENTS
¢
]
-

B-75/B-76
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File USNC 142 Appendix B Page 1 Issued:

APPENDIX B

GENERAL:

11-

This appendix contains the correlated door assemblies
deflection and movement data obtained during the fire tests

¢ conducted on October 7 and 8, 1986.

DEFLECTION AND MOVEMENT MEASUREMENT LOCATIONS:

The deflection and movement reading locations on the

assembly are shown on ILL 17.

3-86

Page 2 of this appendix gives the initial positions of the
doors. The remaining pages show their positions at different

times throughout the tests.
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File USNC 142 Appendix B Page 2 Issued: 11-3-86
Measurement Measurement At 0 min. (in.)
Location (ILL. 17) Door 1S Door 1N Door 2S Door 2N
M1 1/8 1/8 1/8 1/8
M2 1/8 1/8 1/8 1/8
M3 1/8 1/8 3/16 1/8
M4 1/8 1/8 3/16 1/8
M5 1/8 1/8 1/8 3/16
M6 1/8 1/8 1/16 1/8
M7 1/8 1/8 1/16 1/8
D1l 8-1/8 7-9/16 7-9/16 7-7/8
D2 7-1/4 7-7/16 6 7-7/8

D3 8 7-1/2 7-13/16 8
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File USNC 142 Appendix B Page 3 Issued: 11-3-86
Measurement Measurement At 20 min. (in.)

b Location (ILL. 17) Door 1§ Door 1N Door 2S Door 2N
M1 0 0 1/16 1/16
M2 Q Q 1/16 1/16

* M3 + - 1/16 1/2

M4 1-1/8 1 1/16 1
MS 1/4 1/72 1/16 5/16
M6 1/2 3/8 1/16 5/16
M7 1/2 5/16 1/16 7/16
D1l 8-3/16 8-9/16 7-3/4 8-1/8

" D2 8-1/2 8 6-1/2 8-5/16
D3 g8-1/16 7-7/8 7-7/8 8-1/16

Note: + - Measurement is between M3 and M4, near latch.

TEELY Y.
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File USNC 142 Appendix B Page 4 Issued: 11-3-86
Measurement Measurement At 40 min. (in.)
Location (ILL. 17) Door 1S Door 1IN Door 2S Docr 2N
M1 0 0 0 0

M2 0 0

M3 E- %- 1/16 5/8
M4 1-5/16 1-1/4 1/8 1-1/4
M5 1/4 7/16 0 5/16
M6 1/2 1/2 3/16 5/16
M7 172 1/2 1/16 7/16
D1 8-1/8 8 8-1/8 §-1/4
D2 8-7/8 8-1/4 6-3/9 8~5/8
D3 8-1/8 8 7-7/8 8-1/8

Note: + - Measurement is between M3 and M4,

near latch.
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Measurement Measurement At 55 min. (in.)
Location (ILL. 17) Door 1S Door 1N Door 2§ Door 2N
M1 0 0 0 0
M2 0 0

{ . M3 S- f— 1/16 11/16
M4 1-5/16 1-1/4 1/8 1-1/4
M5 1/4 1/16 0 5/16
M6 1/2 1/2 1/4 5/16
M7 1/2 1/2 1/16 7/16
D1 8-1/8 8 6-5/8 8-1/4
D2 8-7/8 8-1/4 7-7/8 8-5/8
D3 g8-1/8 8 ~1/4 -1/8
- §+1-5/16 §"1/2

Notes: + - Measurement is between M3 and M4, near latch.
++ = At bottom latch corner (bottom corner of hose port)
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Measurement

Location (ILL.

1986

Appendix B

Page 6

Issued:

a e ldiad'a bt ad e i

11-3-86

Measurement After Hose Stream

17) Door 1S

M1
M2
M3
M4
M5
M6
M7
D1
D2
D3

Note: ++ -

AN N

3/16
0
1-1/8
1-1/4
5/16
1/8
1/8
7-3/4
6-1/2
7-1/2

At bottom latch corner

Door 1IN Door
3/16 1/8
0 3/16
1 1/4
1/2 1/4
1/4 1/4
1/4 1/8
1/4 1/8
7-3/4 7~-3/4
6-1/4 6
-5/16 1+3/4
- -1

B-45:,0-84

RO O AL IR R

2S Dccr 2N

1716

0
1-1/4
1-3/16
3/4
1/4
3/8
7-3/4
7-1/2

3/16

(bottom corner cf hose port)
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A PPENDTIX C
GENERAL:
This appendix contains the temperature, heat flux and
pressure data obtained during the fire test conducted on

October 7, 1986.

THERMOCOUPLE LOCATIONS:

The thermocouple locations on the unexposed face cf the
assembly are shown on ILL. 2, and correspond to the channel
numbers shown on the following data charts. The thermocouple
locations on the exposed face relative to those cn the unexposed
face were: 1 opposite 6, 2 opposite 7, 3 opposite 8, 11
opposite 20, 12 opposite 21, and 13 opposite 22.

The location of the special furnace thermccouple grid is
shown on ILL. 15.

OTHER INSTRUMENTATION:

The location of the pressure taps, racdiometers, and
calorimeter are shown on ILL. 10, The pressure readirgs,
Channels 34 and 35, are reported in 0.1 mm of mercury. The
radiometer/calorimeter readings, Channels 37, 39, 40 were
converted from millivolts using the constants shown on ILL. 17,

GAS CONSUMPTION:

During the test 6000 ft? of gas at 1015 BTU/ft? were
consumed.

AIR FLOW:

Periodically, during the test the amount of air flowing into
the furnace was measured. The measurements only take into
account the air inlet opening built into the furnace and not
openings around the door assemblies or other possible leakage
areas 1n the test assemblies. The flows are the average velocity
end do not account for flow variations across the varicus sharpes.
The following measurements were taken:

-0 .
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Time (min)

5

15
30
45

£3

Appendix C

Velocity
(Opening:

(ft/min)
16 in.?2)

15
24
25
15
20

Page 1A Issued: 11-3-86

Velocity (ft/min)

(Opening: 8 irregular
shapes, each approximately
13.8 in.?)

17
28
29
17
23
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DATA SHUWN ON THE FOLLOWING FAGES 1S FOR THE FOLLOWING LOCATIONS:

CHAN (NQOS. CHaN (NOS. ) CHAMN (Higs.)
FOR FOR FOR
LOCATION (ILLS 1S aMND 1 7) SOUTH DOOR NORTH DUOK FURNSCE

T1 - UNEXFOSED. HOSE FORT. EOTTOM -— 17 --
T2 - UNEXFOSED. HOSE FORT. JAMER - 13 -—
3 - UMNEXFOSED. HIS5E FORT. TOF - 16 -
T4 - UNEXFOSED. HOSE FORT. HINGE -— 18 -—
TS - UNEXFQOSED. DOOQR FRAME. EBOTTOM 9 23 -=
Té - UNEXFOSED. DOOR FRAME. L&TCH 4 14 -
T7 -~ UNEXFOSED. DOOR FRAME. TQF S 19 -—
T8 - UNEXFOSED. DOOR FRAME. HINGE 10 24 -
TO - UNEXFUSED. DOOR. TOF 5 0 = -
T1Oo - EXFOSED. DOOR. TOF 1 11 -—
T11 - UNEXFOSED. [C0OOR. MILDDLE 7 21 » ——
T12 - EXFOSED. DOOR. MIDDLE 2 12 -—
T1Z - UMEXFOSED. LOOR. BOTTOM 8 PRI -
T14 - EXZFOSED. DOOR. EOTTOM 3 1= -
T1S - UNEXFOSED. BULEHEAD. TOF -— —-= -—
Tlé - UNEAFOSED. BULEHEAD. MIDDLE -- - -
T17 - UNMEXFQOSED. BULKHEAD. EBOTTOM - -= -
F1 - FPRESSURE. TOF OF HOSE FORT -— - -9
F2 - FRESSIRE. TOF OF DJIJ0OR -— - -4
R - FLUX. EOTTOM OF LOOR - - 40
R2 - FLUX. MIDODLE OF DUOOR - -— -e
2 - FLUX. TOF 0OF DOOR -- - 7
TSZ - SFECIAL FURNACE GRID. TOF FRONT - -- -5
TS4 - SFECIAL FURNACE GRID. TOF MICDLCLE - -— =6
TSS - SFECIAL FURNACE GRID. TOF EACHE —-— - 27
TS6 - SFECIAL FURNACE GRID. MIDDLE FRONT - - o8
TS7 - SFECIAL FUFRNACE GRID. HMILDLE MIDDLE -- - -9
T38 - SFECIAL FURMACE GRID. MIDDLE EARCHE - - )
TS? - SFECIAL FURNACE GRID. EBUTTOM FERONT - - -1
T6O - SFECIAL FURMACE GRID. EBOQTTOM MILDLDLE -- -— -z
T&l - SFECIAL FURNACE GRID. ROTTOM EACHE --— - e

HJG: DF
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)
! United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142
' 10-7-86
o
) Temperature Ueqarees I
, CHAN(NDS.) 1 2 3 4
: TIME
N Hn:10 147.3 142.4 140.4 70.7
- 5210 626.2 613.7 594, 1 286.4
» . 10:10 1022.1 1080.2 1117.1 726.5
5:10 1117.8 1196.53 1251.4 964.8
20:10 1169.0 1254.4 1331.4 1032.2
- 25:10 1200.0 1308.9 1400.3 1047.9
- 30:10 1249.3 1540.7 1433.3 Loso.o
v 35:10 1253.2 1348.5 1448.1 1084.0
’ 40:10 1270.4 1365.1 1465.2 111Z.0
45:10 1298.0 1394.2 1500.1 1142.2
' 50:10 1336.0 1423.9 1530.3 1157.5
> 55:10 1355.4 1437.5 1530.6 1160. 7
X 60:10 1398.8 1488.9 1592.6 1182.2
fl
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FILE USNC142

CHAN(NOS.)

TIME
0:10
5:10
10210
9:10
20:10
29:10
30:10
35210
40:10
45:1¢
50:1¢
55:10
GO LU
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APPENDIX C PAGE 3 ISSUED: 11-3-86 ;

United States Coast Guard
Bulkhead Door Test
B6NK24389/USNC142 ;

10-7-86 ;

)
4
Temnperature 2areas
5 B 7 S :
72.8 74.4 74,3 R o
178.8 79.7 80.3 76.3 ]
280.9 110.¢ 117.6 Q2.3
370.5 =201. 211.06 22 .0
438.70 291.1 445, 2 33...
451 .4 EVEI I S61.0 Al
470.6 49,0 523 370 .
499 .4 4654, o 6o7 .50 S1T L .
511.3 482,43 a0, 2 S37 .1
9532.0 497 .4 T0O0. 4 550, b3
545 .5 514.9 LT3 FIERRIA R
560.1 9E3.06 TanLe ST -
68.6 Bod.d THaL0 T34 ;
'
)
.
o
.
s
¢
A4
1Y
A
P
B-89
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FILE USNC142 APPENDIX C PAGE 4 ISSUED: 11-3-86
United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142
10-7-86
Temperature [eqrees [
CHAN(NOS.? . 10 11 12
TIME

0:10 68.0 68.7 159.1 15Z.6

® S:10 74.7 119.7 636.0% 733.7
10:10 116.7 232.9 1112.9 1122.0

15:10 189.0 362.9 1250.1 12535.0

20:10 245.9 536G.06 1313.8 1312..3

<3:10 292.4 602.6 1342.9 134G6.0

30:10 340.4 639.4 1399.9 1397.5

3%:10 371.9 666.0 1406.1 1403.90

40:10 401.7 673.1 1413.8 1413.7

45310 413.1 689.1 1431.2 1439.2

50:10 435.2 731.5 las8.7 1459. 0

g5:10 457 .3 732.5 1528.7 19517.1

60:1¢0 470.06 756.5 1954.6 154%5.3

A - Thermocouple malfunction, approximate temperature
B-90 ’
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N FILE USNC142 APPENDIX C PAGE 5 ISSUED: 11-3-86
P
K. United States Coast Guard
Bulkhead Door Test
:: 86NK24389/USNC142
}\ 10-7-86
ﬁ
Temperature [egrees F

.
1yl CHAN(NOS.) 13 14 15 Lo
4 T IME
W 0:10 145.7 71.2 69.1 67.4
Y - 5:10 664.6 187.9 82.4 80.

106:10 1131.7 428.5 237. 170.4
o 15:10 1281.4 828.9 £90.5 331..%
kY 20110 1347.2 885.2 533. 390 .4
i: 25110 1392.8 871.06 4606 .2 424,43
- \0:10 1444.4 391.9 540 .4 157 .06
. 5210 1453.9 360.1 “931.6 460 .3
» 20210 14G68. 887.4 HB9.0 492,
W, 45110 1499 .49 869.7 71905 500,
*, 50110 1520.2 930.1 79l B85.a
: 55:10 1571.3 933 771.6 H1G.
3 60210 1599 .0 971 .1 a8 L 535
}
X
Y.
.
)
L}
)
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FILE USNC142

CHAN(NOS.,)

T IME
0:10
5:10
10:10
15:10
20:10
25:10
\10'10
35:10
40:10
3:10
50:10
Et: llo
60:10

APPENDIX C

PAGE 6

United States Coast Guard
Bulkhead Door Test

86NK24389/USNC142

17

69.5
84.8
187.2
308.0
411.8
503.

383.1
445,

445.9
467 .06
590.4
504.4
506.0

Temperature [egrees F

16

71.7
86.0
139.2
223.4
281.0
321.3
360.4
382.3
416.1
427 .95
496.1
458.8
472.9

B-92

ISSUED:

19

75.2
193.4
293.0
423.0
449.93
466.9
487 .0
514.9
513.4
530.0
512.9
495.9

521.2
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FILE USNC142

CHAN(NOS.)
TIME
0:190
5:10

10:10
9:10
20:10
25110
20210
5110
40:10
45:10
50210
r_r‘-lo
LGoIlo
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APPENDIX C PAGE 7 ISSUED:

United States Coast Guard
Bulkhead Door Test
B6NK24389/USNC142

10-7-86

femperature [eqrees

2l 24
75.0 74.5
8l.6 78.06

124.1 104.7
265.0 208.4
391.2 Ja2. 2
496.8 413.¢
951.7 133.1
603.3 32701
62V.4 I45.5
32.9 S54.3
n3h.4 963.3
Ge2.2 2730
YL3.7 22807

23

68.6
72.
116.9
195.7
293.1
401.0C
478.06
542.3

58. 1
sa7 .8
615.6
GoE .Y
6599

0

11-3-86

TR AN ‘atgt




Yo Bl B gle ft. gby ghe i, Qtg 4.0 BV ¢ s @72 s AVa B4 4% Bla £V BV Bty 8%, @lg Ria"RPa 4%, 4% f1g £%x &'a B'e §'0 8'a 0'@ $'2 8'2 e Al t'p 0. 0% 8.0

FILE USNC142 APPENDIX C PAGE 8 ISSUED: 11-3-86

| United States Coast Guard
| Bulkhead Door Test

| 86NK24389/USNC142

| 10-7-86

lfemperature Deqrees [

CHAN(NOS.) 25 26 o7 28 -

TIME
0:10 226.8 225.9 214.8 219.9
* 5:10 919.3 980.6 925.2 902.4
10:10 1249.2 1312.0 1250.3 1327.3
15:10 1337.8 1375.7 1306.0 1364.1
20:10 1349.5 1400.7 1330.1 141732.06
25110 1381.3 1438.9 1369.9 1463. 0
30:10 1422.9 1484.7 1425.4 1514.5 !
35:10 1405.0 1452.5 1398.1 1491 . 3
40:10 14153.3 1469.9 1415.5 1507.9
45:10 1444.8 1495.2 1441.3 1530.C
30:10 1438.7 1494, 1443.0 15583.3
55:10 524.4 1575.7 15923.9 15395.0
l 60:10 1546.7 1004.u 1556.4 1623.4
| ;
| .
‘ A
| L
| :
| .
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FILE USNC142 APPENDIX C PAGE 9 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

Vemper ature eqaroec

CHAN(NOS . 29 30 31 N 323
TIME

0:10 220.06 191.06 212.1 21l.0 170.3

® 5:10 1063.1 1130.6 829.3 1005.0 1154.1
10:10 1441.3 1413.9 1302.0 1437.C 142C.1

15:190 1448.5 1408.9 1376.5 1481.6 1458.
20110 1498.8 1467.8 i480.06 13852.2 1529,

2%0190 15343.06 1510.7 1303.2 1G01.0 1561.
30110 1599.4 1577.2 1Z81.7 L643.0 1624.0
39210 1555.' 1331.6 1538.7 L621.3 297 .7
40:10 1578.2 1563.4 1387.53 16494. 16325.Y
45310 1597.1 1584.9 1586.06 1666.0 1656,
30210 16156.6 1599.7 1611.53 1685.1 1675,
995310 1632.0 1632.5 134,90 1707 . 1700075
6Ooz2le 1695.3 1680.4 1573.38 174602 1742.2
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FILE USNC142

CHAN(NOS.)
TIME
:10

0

r-lo

N

it 10:

10

5:10

20:
25:

302

10
10
10

10

40:
45:
50:
C'l:

6O:

1¢
10
10
10
10

APPENDIX C

PAGE 10

United States Coast Guard

Bulkhead Door Test

86NK24389/USNC142
10-7-86
34 35

0.5117 -0.046G4
0.7622 -0.3173
0.9369 -0.03591
1.1884 0.0188
0.988%2 -0.1103
0.76206 -0.3049
0.8817 -0.1405
0.2081 -0.0278
0.9007 -0.0094
0.8933 0.0200
0.8855 -0.0339
0.8646 -0.0132
0.9359 ).0464

Yolts

ISSUED DATE:

11-3-86
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FILE USNC142 APPENDIX C PAGE 11 ISSUED DATE: 11-3-86

United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86
M1llirvolts
CHAN(NOS..) 37 3% 40
TIME

0:10 0.0730 0.0130 0.1460Q

* 5:10 0.8650 0.1890 1.0630
10:10 1.6990 1.4250 u.3750

5:10 1.9110 1.3610 w7390

20:10 <2.2150 2.3360 3.7080

25210 2.3280 ~.3990 403796

30:10 2.7760 2.2220 DU 0

35:10 2.6100 3.1130 S.0500

40:10 2.7469 3.1700 5.0630

45:10 2.9350 3.1330 S e3960

50:10 3.04790 3.4100 S.6%910

995:10 3.1970 3.2300 5.87730

GOolo 3.3570 3.75490 6G.2730
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APPENDIX D

GENERAL:

This appendix contains the temperature, heat flux and
pressure data obtained during the fire test conducted on
October 8, 1986.

THERMOCOUPLE LOCATIONS:

The thermocouple locations on the unexposed face of the
assembly are shown on ILL. 9, and correspond to the shown channel
numbers minus 24, on the following data charts. The
thermocouples on the exposed face were: 25 opposite 30,

26 opposite 31, 27 opposite 32, 39 opposite 44, 40 opposite 45,
and 41 opposite 46,

The location of the special furnace thermocouple grid is
shown on ILL. 15.

OTHER INSTRUMENTATION:

The location of the pressure taps, radiometers, and
calorimeter is shown on ILL. 10. The pressure readings,
Channels 44 and 45, are reported in 0.1 mm of mercury. The
radiometer/calorimeter readings, Channels 47, 49, 50 were
converted from millivolts using the constant shown on ILL. 17.

GAS CONSUMPTION:

During the test 6500 ft3? of gas at 1015 BTU/ft? were
consumed.

AIR FLOW:

Periodically, during the test the amount of air flowing into
the furnace was measured. The measurements only takes into
account the air opening built into the furnace and not openings
around the door assemblies or possible leakage. The flows are
the average velocity and do not account for flow variations
across the various shapes.
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Velocity (ft/min)
! (Opening: B8 irregular

Velocity (ft.min) shapes, each approximately
Time (min) (Opening: 16 in.?2) 13.8 in.?2)

. 5 14 16

15 22 26

30 26 30

45 20 23

55 18 21
L3
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{
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FILE USNC 142 AFFENDIX D FAGE 1B ISSUED: 11-7--s

DATA FOINT CORRELATION:

THE DATA SHOWN ON THE FOLLOWING FAGES IS FOR THE FOLLOWING LOCATIONS:

CHAN (NQOS.) CHAN (NOS.) CHAN (NOS.
FOR FOR FGR
LOCATION (ILLS 15 AND 17) _SQUTH DOQR _NORTH DOOK FURNACE

T1 UNEXFOSED. HOSE FORT. BOTTOM 12 26 -
T2 UNEXFOSED. HOSE FORT. JAMB 14 28 -—
3 UNEXPOSED. HOSE FORT. TOF 11 25 --
T4 UNEXFOSED. HOSE FORT. HINGE 10 24 --
TS UNEXFOSED. DOOR FRAME. BOTTOM 9 2= --
T6 UNEXFOSED. DOOR FRAME. LATCH 1z 27 --
T7 UNEXFOSED. DOOR FRAME. TOF S 19 --
T8 UNEXFOSED. DOOR FRAME. HINGE 4 18 --
T UNEXFOSED. DOOR. TOF & 20 ~=
T10O EXPQOQSeD. DOOR. TOFP 1 1S --
T11 UNEXFOSED. DOOR. MIDDLE 7 21 -
T12 EXFOSED. DOOR. MIDDLE 2 16 -—
T13 UNEXFOSED. DOOR. BOTTOM 8 22 -=
T14 EXFOSED. DOOR. BOTTOM e 17 --
T1S UNEXFOSED. BULKHEAD. TOF z -- -
T16 UNEXFOSED. BULKHEAD. MIDDLE 2 -- -=
T17 UNEXFOSED. BULKEHEAD. BOTTOM 40 - -
F1 FRESSURE. TOF OF HOSE FORT -= - 43S
F2 FRESSURE. TOF OF DOOR - - 43
R1 FLUX. BOTTOM OF DOGR - - S0
RZ2 FLUX. MIDDLE OF DOOR - -= 49
(3 FLUX. TOF OF DOOR -= -— 47
TS3 SFECIAL FURNACE GRID. TOF FRONT -= -= -e
TS4 SFPECIAL FURNACE GRID. TOF MIDDLE -= -- zo
T35 SFECIAL FURNACE GRID. TOF BACF. ~= - -1
T36 SPECIAL FURNACE GRID. MIDDLE FRONT —-= -= 2
TS7 SPECIAL FURNACE GRID. MIDDLE MIDDLE -—- - P
T58 SFECIAL FURNACE GRID. MIDDLE BACHK -— -= P
1S9 SFECIAL FURNACE GRID. BOTTOM FRONT -- -- -3
T60O SFECIAL FURNACE GRID. BOTTOM MIDDLE -- -= 26
T61 SFECIAL FURNACE GRID. BOTTOM BACE - - 7
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FILE USNC142 APPENDIX D PAGE 2 ISSUED: 11-2-86

United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142 )
10-8-86 y

Tempersture Ueqrees

CHAN(NDS . 1 = 3
TIME
o:l2 120.0 107.4 107 .. .
S5:12 604.3 381l.2 S992.5% DA
- 10:12 1047.3 1095.2 1103.8 21,4
19212 1133.% 1178.3 1194.1 37,
20:12 1151.9 1217.0 1265.8 46< . ;
29:11 1215.9 271.4 1320.4 BIE I .
?0 11 VAL 1318.9 L37 1. B g
33011 1322.32 1271.1 1acn .7 D ’
40011 L344.1 i388.8 L439.0 =3 A
491l 107u-b 1417.7 lacl.7 940 . F
50:11 L393.49 1436.3 Li34.v w3,
yetl LIS YOOV 1463.4 (310.4 LO
Hotll L4024 1498.9 L346. % 08 . :
.
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

CHANCNOS )

[
)

10-8-86

[emperature (eqrees

i

G 7 d
T IME

0:12 76.8 8%.3 77.3 7604
° 512 108.3 153.6 80.4 76.1
1012 284.6 217.6 110.9 ol.:
15212 377.0 304.5 330.7 192,

203112 436.3 395.2 433.1 314.

25011 486.4 451.4 311.1 25.
-0:11 522.4 495.9 Hhol.l R JEN
35:11 570.9 942.1 563.90 6lg.u
40211 597.6 977.1 702.9 675.4
5:11 615.2 503.0 T31.4 T
50011 628.5 022.6 7534 72504
9%:11 636.9 638.6 770, T4 L
6O:11 644.6 635.3 2.0 AR
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FILE USNC142

CHANONOS.)

TIME

0:12

G:12
10112
15312
20:12
29011
30:11
350l
40211
45:11
50011
95011

S-S

R L

R NN IO IN

APPENDIX D

PAGE 4

United States Coast Guard

Bulkhead Door Test
86NK24389/USNC142

74.5

77.0
149.1
179.8
245.2
311.9
336.0
601.4
672.4
704.7

~me =
25.5

743 .0

“H1.1

avnliteailis.. Miatbiongnds - « o .. ..

N N NN DL OENE SN I RGN S S

Temperature [eqree-

10

74.7

83.0
140.3
228.7
317.3
412.0
473.8
535.5
351.9
573.9
568.9
578.06
288.0
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FILE USNC142

W ]

{

q

'}

)

. CHAN(NOS .

: T IME

- 0112

g . S:12
10:12

, 15:12

9 20:12

e 253011
' 30111
35411

30:11

’ Bhell
! 50:11

S 55111
. 60211
}
»

‘? —— e e o Sttt -

APPENDIX D

United States Coast Guard

Bulkhead Door Test
86NK24389/USNC142

13

81.1
182.0
167.2
224.6
277.3
2934
311.3
330.9
340.2
350.¢
356.1
363.7
368.7

10-

8-86

Temperature leqrees

14

76.8

78.5
2092.8
370.3
439.0
5935.2
L60.5
718.3
734.0

N,
703.9

733.1
764.2

738.0

PAGE S ISSUED: 11-3-86

I

b

131.2

641.06
1142.3
1251.5
1303.2
1360028
1392.8
14500
1475,
1498.5
1521.2
1545.9

1881.9

.......

15

126.3
642.8
1144.7
1265.2
1321.5
1378. 1
1415.4
1464.3
1491.0
1512.2

TE2AM Bl
1333.0

1558.1
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FILE USNC142 APPENDIX D PAGE 6 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86
Temperature a3reos
CHAN(NUOS.) 17 13 L L
TIME
0:12 128.1 50.7 0.0 3.
< el 651.7 198.2 369.1 86 ..
10:12 1157.3 541.5 A69.3 I135.
1512 1288. 783.7 58043 247
20:12 1385. 929.4 H7 % 37
2511 1411.J 1004.8 793,10 467,22
30:11 1442.9 1019.9 739 .7 S75 .
45011 1493.4 1046.2 317450 EYVI
40:11 1517.9 1050.4 82k.2 B30 L
4%l 1539.0 1037.7 241, Ga5.
50:11 1359.5 10458 Bhi.il 52
HY 1588.7 1oua.o 57/5.4 CTC R
nﬁ 11 1624.8 1071.7 354.% EYARY
[
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1
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FILE USNC142 APPENDIX D PAGE 7

United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

Temperature Legrees F

CHAN(NOS.) 21 e 23

T IME

0:12 79.8 76.3
S:12 83.8 2 79.9
10:12 129.1 120.0
L5312 280.9 : 186.06
20:12 488.8 - 251.9
a5l 616.2 38! 322.8
30:11 683.9 LS 377 44
35:11 720.9 79. 403.8
40:11 761.1 3% ) 4327.90
45:11 793.4 50 439.7
3011 325.4 513.5 346.3
3511 863.2 23 : 455.0

6011 900 .4 28.5 486.2
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\ FILE USNC142 APPENDIX D PAGE 8 ISSUED: 11-3-86

| United States Coast Guard
Bulkhead Door Test
» 86NK24389/USNC142
10-8-86

I
™

y

W

Temperaturae leqrees

- CHAN(NOS.) 25 26 27 28
N TIME

* 012 77.6 6.9 96.2 7.7
N - 5:12 91.4 81.6 163.7 85.3

10:12 152.8 120.9 4695.7 152.0

5 15:12 229.7 179.4 6959. 3 246.3
2 20:12 568.1 231.3 833. 334,55
ll Jb 11 6GhD.a 308.5 ulJ.u A0 5.~
) Joill (92.5 243.6 109, 4060
* 35:11 708.06 407 .3 921.5 199
| 40:11 725.9 419.2 956.5 520.0
O 451211 742.9 439.95 AQ68.% 21. 0
. 50:11 757 .3 139.3 L100C¢.6 5233, .
. 55:11 THh.3 477 2 1021.4 53307
; 0211 73741 473.3 L0447, SO0
<

2

o

AR
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. FILE USNC142 APPENDIX D PAGE 9 ISSUED: 11-3-86

United States Coast Guard
Bulkhrad Door Test
. 86NK.:389/USNC142
10-8-86

Temperature [eqreee F

“ CHAN(NOS.) 29 30 31 32

: TIME

* 0:12 199.3 198.8 185.7 168.5

) * 5:12 886.0 942.5 882.0 872.9

) 10:12 1227.9 1335.1 1260.0 1259.4

5:12 1308.7 1287.2 1212.8 1314.1

o 20:12 1342.6 1400.4 1344.0 1387.°7

) 25:11 1355.3 1396.3 1337 .4 1417.%

" 30311 1373.0 1407.3 1353.4 1208.1

. 35:11 1439.2 1497.7 1439.1 1514.1
40:11 1459.5 1509.9 1452.5 1529.4

x 45:11 1472.8 1317.9 1464.8 1546..

2 503511 1497.1 1538. 1485.0 tSaa,

X 5111 1516.¢ 1553.9 1506.1 554 .

y 6031l 1539.7 15794 L531.7 (92,0

N

Y
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#

L
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FILE USNC142 APPENDIX D PAGE 10

United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

Temperature Deareec

CHAN(NUS .} 33 34 35 3%
TIME
Oi13 174.3 140.0 173.1 187.0
5112 1006.1 1011.6 829.4 1005.9
16212 1402.06 1384.2 1240.7 1379.5
1512 1416.3 1402.3 1315.5 1430.C
20212 1471.8 1437.3 L437.1 1539.
2511 1467.8 1418.7 law7 .o 3388.2
30:11 1449.7 1419.2 1473 .0 1521.0
35:11 1568.2 15835.0 1355.2 1603.9
40:11 1378.6 1534.7 1573.3 1624.0
45511 1587.4 1549.8 1584.4 1632.0
5011 1580.4 1549.0 L237.7 [622. G
G35:11 ©83.2 1560.8 1997.1 1632.0
- 11 1617.9 1591.56 inls.y L643.0

.,"I"
AR
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;, FILE USNC142 APPENDIX D PAGE 11 ISSUED: 11-3-86
e United States Coast Guard

Bulkhead Door Test
¥ 86NK24389/USNC142
10-8-86

Temperature learees

L
il CHAN(NOS.) 37 38 3 49
~ TIME
I 0:12 134.2 72.4 72.1 71.5
/ - 5:12 863.2 73.5 72.8 71.9
10:12 1363.5 80.4 77.9 75.0

; 5:12 1427.6 97.2 92.2 85.3
W 20:12 1500.0 116.38 112.6 101.1
v 5111 1489.1 136.1 138.2 121.3
X 30:11 1486.4 155.4 164.6 146.7
) 35:11 1563.3 182.9 196.8 17735
K 40:11 1593.5 208.3 224.3 208.6
s 45:11 1602.0 229.5 247.5 235.2
e 50:11 1594, 4 246.8 265.7 257. 4
" 55111 1606.3 260.7 279.8 274.5
> 60:11 1633.9 27105 290.2 285.0
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FILE USNC142 APPENDIX D PAGE 12 ISSUED DATE: 11-3-86
)
United States Coast Guard
Bulkhead Door Test
B6NK24389/USNC142
10-8-86
Uolts
CHAN(NOS. 44 45
TIME
012 0.2356 -0.0454
s:l2 0.6923 -0.2773
¢ 10:12 0.9151 -0.1321
15:12 1.0138 -0.152
20:12 1.0228 0.1187
25311 1.1307 0.2222
30:11 1.0384 3.0631
35:11 D.B6G4A -0.0603
40:11 0.8952 -0.0537
45 :11 0.9667 0.0362
50:11 0.9449 ~0.0174
55011 V.9645 -0.0232
6G0:11 1.0147 0.1371
i
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o FILE USNC142 APPENDIX D PAGE 13 ISSUED DATE: 11-3-86
B

b United States Coast Guard

' Bulkhead Door Test

¥ 86NK24389/USNC142

& 10-8-86

0"

0

R

N

i Millivolts

N CHAN(NOS.) 47 49 50
.~ TIME

: 012 0.3140 0.0090 -0.0700
- = 5:12 1.0910 0.1780 1.0960

10:12 1.8750 0.9070 2.0310

- 15:12 2.3070 1.4980 2.2630
o 20:12 25500 1.874¢ 2.7780
: 25:11 2.4990 2.0760 2.0580
N 30:11 3.0140¢ 1.96990 2.93190
, 35:11 3.6Z50 2.4970 3.2570
. 40:11 3.3610 2.5410 3.4110
4 45211 3.5960 2.3960 3.6360
o 50111 3.7070 2.2420 3.5160
2 55:11 4.0850 D.2360 3.6270
N 6GO:11 41070 2.3320 3.3490
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